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Severalauthors have dealt with the genus 
Compsopogon ( Montagne, 1850; De-Toni, 
1889; Schmitz, 1897; Thaxter, 1900; 
Svedelius, 1911; Brühl & Biswas, 1923, 
1927; Skuja, 1938). Most of them have 
confined themselves mainly to the descrip- 
tions of the various species dealt with by 
them. Thaxter (1900) is the only author 
who has given a detailed account of the 
structure and reproduction of the alga. 


Material and Methods 


A species of Compsopogon came up in 
the river Adyar near Madras in Novem- 
ber 1947. It was found growing grega- 
riously attached to the leaves of Vallis- 
neria spiralis Linn. (Pl. I, Fig. 3) and 
Hydrilla verticillata Royle in the river, 
in places where there was a fair amount of 
flow in the water. At the kind suggestion 
of Prof. Iyengar, advantage was taken of 
its occurrence to study its structural devel- 
opment and reproduction in some detail. 

The alga with its host plants ( Hydrilla 
. and Vallisneria ) was taken to the labora- 
tory and grown in large wide glass dishes 
with plenty of the river water. The water 
was changed every two or three days 
with fresh water from the river. A small 
quantity of Knop’s solution was added to 
the river water every time. The alga in 
the river was also kept under constant 
observation from time to time and the 
observations were compared with those 
made on the alga in the laboratory culture. 
The alga was growing in a very healthy 
condition in the laboratory for about four 
months and then degenerated and died. 

The alga was fixed in 70 per cent form- 
acetic alcohol, and later on thoroughly 
washed in 70 per cent alcohol and then 
dehydrated, cleared and finally embedded 
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in paraffin. Sections were cut 12 u in 
thickness and stained in Heidenhain’s iron- 
haematoxylin. 


Structure of the Thallus 


The alga has a more or less disc-like 
basal portion from which grow upwards 
a number of erect, sparsely branched 
filaments (Pl. I, Figs. 1, 2, 9; Text-fig. 
42). The fully developed filaments are 
120-250 y in thickness and up to 20 cm. 
in length, and the discoid prostrate por- 
tion measures up to 450 u in diameter. 
In the younger parts, the filament consists 
of a series of flat discoid cells formed by 
the transverse divisions of the segments 
of a dome-shaped apical cell ( Text-fig. 1). 
The cells of the thallus have a thick wall 
and contain a single nucleus with a promi- 
nent nucleolus and several parietal, round- 
ed, oval or more or less elongate, often 
lobed, thread-like chromatophores ( Text- 
nes 2002492527 028) SAT a certain 
distance from the apex, the axial cells 
cut off peripheral segments by periclinal 
divisions (Text-figs. 2-7, 10). These 
peripheral segments ultimately unite to 
form a single layer of cortical cells. Later 
on the cortical cells divide anticlinally in 
both transverse and longitudinal planes, 
while the axial cell merely enlarges with- 
out division so that each segment of the 
thallus consists of a large axial cell sur- 
rounded by a single layer of small cortical 
cells ( Text-figs. 11, 13, 14). The cortical 
cells are 8-16 y across. In the basal parts 
of the main filaments, no cortex is formed, 
but the axial cells are covered by septate 
rhizoids arising from the lower cells. 

The main filaments are sparsely branch- 
ed and the branching takes place before 
the cortex is formed. A branch is usually 
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TEXT-FIGS. 1-17 — Com 
sections of filaments showin 
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initiated in one of the young uncorticated 
disc-like axial cells. The cell divides by 
a slightly oblique cross-wall into an upper 
and a lower cell ( Text-fig. 8). The lower 
cell then grows and bulges outwards 
forming a tubular protuberance. The 
protuberance is then cut off by a wall as 
a small cell towards the outside ( Text- 
fig. 9). This small cell forms the apical 
cell of the branch and cuts off a series of 
discoid cells as in the main axis ( Text- 
fig. 12). The young branch so developed 
is at first uncorticated, but very soon 
becomes corticated like the main axis. 

In the lower portions of very old fila- 
ments the axial portion is occupied by a 
number of large cells forming a sort of 
a “‘medulla”. The formation of this 
“medulla ’’ is as follows. The cortex at 
first consists of a single layer of cells ( Text- 
fig. 11). The cortical cells divide ir- 
regularly by oblique walls, so that the 
cortex consists of a number of more or less 
wedge-shaped smaller cells towards the ex- 
terior and larger more or less rounded cells 
towards the interior ( Text-fig. 15). The 
inner cells divide again irregularly and the 
products enlarge and invade the central 
portion occupied by the axial cell ( Text- 
fig. 16). The latter is gradually crushed 
and ultimately disappears. The invading 
cortical cells gradually fill up the central 
portion more or less completely ( Text- 
fig. 17). Thus in very old portions of the 
filaments, there is not even a trace of the 
axial cell, the central portion being occupied 
completely by the medullary tissue. 


Reproduction 


Plenty of monospores were formed by 
the alga. The spores are formed generally 
in sporangia developed from the cortical 
cells of the older parts of the filaments 
( Text-figs. 19, 20), though occasionally 
they are also formed in the young uncorti- 
cated axial cells of the filaments ( Text- 
fig. 18). The mode of formation and 
liberation of these monospores agrees 
closely with that of the “ macroaplano- 
spores ” observed by Thaxter (1900) in 
Compsopogon coeruleus ( Balbis ) Mont. 

The formation of the monosporangium 
is initiated in the morning at about 9 a.m. 
Any cortical cell may function as a sporan- 


gium initial. This cell cuts off a small 
sporangial cell towards the outside by 
means of a curved wall (Text-figs. 19, 
20). The protoplast of the sporangium 
develops a hyaline area close to its outer 
wall ( Text-figs. 20, 21). At about 5 p.m. 
the portion of the sporangial wall close 
to the hyaline portion of the protoplast 
becomes dissolved and a small rounded 
opening is formed in the wall at this place. 
The protoplast of the sporangium then 
escapes outside by squeezing itself out 
gradually through the narrow opening 
in the wall (Text-fig. 22). The escape 
of the monospore is presumably also 
helped to a certain extent by the bulging 
outwards of the turgid cell just below the 
sporangium (Text-figs. 22, 26). The 
process is very slow at first but becomes 
rapid in the later stages. The entire 
process of the liberation of the monospore 
takes about 50 minutes. The monospore 
is more or less spherical and measures 12 
to 15 x in diameter and has a fairly promi- 
nent nucleus and several chromatophores. 
The hyaline portion of the mother cell is 
still prominently seen on one side of the 
monospore ( Text-fig. 23 ). 


Germination and Development of the 
Young Thallus 


When the surface of the young and 
apparently uninfected leaves of Vallis- 
neria and Hydrilla is carefully scraped 
with a clean razor blade, plenty of germ- 
lings in all stages of growth are found in 
the scrapings. The monospore is at first 
naked but soon surrounds itself with a 
thick, hyaline wall (Text-fig. 29). It 
then elongates ( Text-fig. 30 ) horizontally 
on the substratum and cuts off a small 
cell at one end by a wall at right angles 
to the substratum (Text-fig. 31). The 
larger cell divides again by another vertical 
wall, so that a short row of three cells is 
formed ( Text-fig. 32). The central cell 
divides once or twice and a row of four 
or five cells is formed ( Text-figs. 33, 34). 
One of the intercalary cells then elongates 
laterally, i.e. at right angles to the original 
row of cells, and cuts off a small cell at the 
side, thus establishing a lateral branch 
of the main filament (Text-fig. 35). 
Very soon a number of short branches are 


TEXT-FIGS. 18-28 — Compsopogon Sp. 
gium. 
Escape of monospore. 
Cells with chromatophores. 


Text-figs. 18, 20, 24, 25, 27, 28, x 890; Text-figs. 21-23, 26, x 1780.) 


developed and all these branches grow 
creeping on the substratum and radiating 
in all directions ( Pl. I, Fig. 4; Text-fig. 
36). Thus a prostrate system of radiat- 
ing creeping filaments is formed. 

One of the central cells of this prostrate 
system begins to elongate vertically. 


27. Chromatophores from an old axial cell. 


18. Young uncorticated filament showing monosporan- 
19. Old corticated part of filament with monosporangia. 


23. A single monospore, 


20, 21. Monosporangia. 22. 
26. An empty monosporangium. 24, 25, 28. 


( Text-fig. 19, x 390; 


When this cell is about three times as long 
as broad (Text-fig. 38), it cuts off a dome- 
shaped cell at the apex. This cell becomes 
the apical cell of an erect filament ( Text- 
fig. 39). This apical cell, by means of 
transverse divisions, gives rise to a series 
of discoid segments and forms an erect 
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filament (Pl. I, Figs. 6-8; Text-figs. 40, 
43). Soon after one erect filament is 
initiated, some of the other cells of the 
prostrate system also form erect filaments 
in the same manner (Pl. I, Fig. 5; Text- 
fig. 44). At this stage the alga shows 
a very close resemblance to the recent 
genus Kyliniella Skuja ( Text-fig. 41). 

When the erect filaments have grown 
to a certain length, cortication of the 
young filaments begins. The cortication 
proceeds in the same manner as in the 
mature thallus. The lowermost cells of 
the filament, however, do not undergo 
cortication but produce downwardly grow- 
ing septate rhizoids from their lower ends. 
These downwardly growing rhizoids grow 
adpressed to the filament. The formation 
of the rhizoids from the lower cells begins 
even before the cortication commences in 
the young filament ( Text-fig. 37 ). 


Diagnosis 


Compsopogon sp. 


Thallus heterotrichous, with a small 
discoid prostrate portion from which 
arise a number of erect, sparsely branched 
filaments; filaments 120-250 & thick and 
up to 20 cm. long; discoid portions up to 
450 „in diameter. Erect filaments with an 
axial row of large cells surrounded by one 
or more layers of cortical cells. Cortical 
cells in surface-view 8-16 u across. Cells 
containing a single nucleus and a number 
of oval to oblong or elongate and thread- 
like and often lobed chromatophores placed 
parietally. Monospores12-15 4 in diameter. 
Microaplanospores not observed. 

Hab. Growing gregariously on the leaves 
of Vallisneria spiralis and Hydrilla verti- 
cillata in flowing water in the river Adyar 
at Madras. 


Discussion 


CHROMATOPHORES — The chromato- 
phores of Compsopogon have been variously 
described by different authors. Schmitz 
describes the chromatophores of C. coeru- 
leus as disc-shaped, but his figures ( Sch- 
mitz, 1897, p. 318, Figs. 197, C, E, F) 
show, however, that they are also ellipsoid, 
elongate and thread-like. Thaxter ( 1900, 


p. 261) describes them as oval to oblong 
or nearly spherical, and states that in no 
instance were any elongate or thread-like 
chromatophores seen like those figured by 
Schmitz. Smith (1933, p. 123; 1950, p. 
610 ) describes them as spherical. Accord- 
ing to Skuja ( 1938), the chromatophores 
in C. aeruginosus are discoid, elongate, 
dumbell-shaped or united in a bead-like 
manner. Fritsch (1945, p. 438) states 
that the chromatophores are oval to oblong 
and sometimes lobed. He points out that 
the thread-like chromatophores drawn by 
Schmitz have not been recorded by others. 
In the present alga, the chromatophores 
are mostly elongate and thread-like and 
often branched ( Text-figs. 20, 27, 28), 
though a number of chromatophores in the 
same cells may be round, oval or ellipsoid 
( Text-figs. 24, 25). The elongate thread- 
like chromatophores resemble very closely 
those drawn by Schmitz. No instance 
of any cell was found in which thread-like 
elongate chromatophores were absent. 
MEDULLATION OF THE ERECT FILA- 
MENTS—In the basal portion of some very 
old filaments, the central region is occu- 
pied by a well-developed medullary tissue. 
Brühl and Biswas (1923), who observed 
this condition in C. coeruleus, state that 
this medullary tissue is formed by the 
division of the large axial cells of the fila- 
ment. But the present investigation shows 
that this medullary tissue is’ not formed 
by the division of the axial cells as stated 
by Brühl and Biswas, but is derived entire- 
ly from the cortical portion through the 
continuous division ofits cells. The tissue 
resulting from the division of these cor- 
tical cells gradually advances inwards, 
crushing out the old axial cells in the pro- 
cess, and finally occupying more or less 
completely the whole of the central region. 
HETEROTRICHY — Heterotrichy is fairly 
common among the Erythrotrichieae and 
is seen in Erythrotricha and Kylinvella. 
In Erythrotrichia, the plants have a basal 
disc-like portion from some of the cells of 
which erect filaments arise ( Boergesen, 
1927, pp. 5-10; Fritsch, 1942, p. 399; 1945, 
p. 423). In E. carnea, which is an ex- 
ception, the growth is solely erect, the 
filaments being attached to the substra- 
tum by short-branched rhizoids devel- 
oped from the basal cell ( Rosenvinge, 


TEXT-FIGS. 29-40, 42-44 — Compsopogon sp. 29-36. Stages of development of the prostrate 
system. 37. Lower portion of erect filament showing formation of rhizoids. 38-40, 43. Stages 
of development of the first erect filament. 44. Young plant with three erect filaments. 42. Older 
plant with several erect filaments (slightly diagrammatic ). (Text-fig. 42, x60; the rest, x 535.) 

TEXT-FIG. 41 — Kyliniella latvica Skuja (after Skuja ). 
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1909, pp. 67-68; Boergesen, 1927, p. 6; 
Fritsch, 1942, p. 399). In Kyliniella, 
there is a well-developed heterotrichous 
thallus (Skuja, 1926; Fritsch, 1945, p. 
424, Fig. 142, G). Among the Bangieae, 
heterotrichy is practically absent, the 
thallus consisting of erect filaments only, 
the only exception being Porphyra naia- 
dum which shows a definite heterotrichous 
thallus ( Hus, 1902; Knox, 1926; Fritsch, 
1942, p. 400; 1945, p. 426). 

Coming to Compsopogon, this alga has 
been regarded by all authors as an erect 
alga which is attached by its basal cell or 
by rhizoids arising from the cells at the 
lower end of the filamentous thallus. 
Schmitz (1897, p. 319) says that the 
lower portion of the thallus is slender and 
uncorticated and is strengthened by 
means of downwardly growing rhizoids 
formed from the naked lower cells. Thax- 
ter (1900, p. 262) states that a short 
series of cells at the base remains uncorti- 
cated and sends down rhizoidal outgrowths 
which form an attachment analogous to 
that of Porphyra. Brühl and Biswas 
4192352746, Pl. IX, Figs..5,.6.) state that 
the young plant is attached by the lower- 
most cell of the filament, which is wider 
than those immediately above it, and 
which, like the latter, surrounds itself 
with a ring of “ rind-cells ”. The writer’s 
observations on the early stages of devel- 
opment of the present Compsopogon 
shows very clearly that the alga is 
definitely heterotrichous. The germinating 
monospore gives rise to a prostrate system 
of radiately branched filaments ( Text- 
fig. 36). And from some of the cells of 
this prostrate system, erect filaments grow 
out ( Text-fig. 44). During the further 
stages of growth of the alga, the prostrate 
system does not grow very much, whereas 
the erect filaments become corticated and 
attain enormous development, so that 
we have an extremely small, almost in- 
conspicuous prostrate system, and a large, 
highly developed erect system ( Pl. I, Fig. 
1). Again, in the later stages of the alga, 
the rhizoids from the lowermost portions 
of the erect filaments grow out profusely 
and cover the prostrate system completely, 
so that the small prostrate system is not 
seen at all, and the alga appears as if it is 
attached to the substratum simply by 


means of numerous rhizoids formed from 
the lower portions of the main filarnents. 
Again it is generally presumed that Comp- 
sopogon has only a single erect filament 
which branches profusely and is attached 
to the substratum by means of rhizoids 
produced from the basal portion of the 
main filament. In the present alga, the 
thallus consists of a number of erect corti- 
cated filaments starting from a well-defined 
ag prostrate system (Pl. I, Figs. 
29): 

It was pointed out earlier that the 
juvenile stages of Compsopogon show a 
great resemblance to the recent genus 
Kyliniella Skuja (Skuja, 1926; Fritsch, 
1945, p. 424) in having a heterotrichous 
thallus consisting of a prostrate system 
of radiately branched filaments and an 
erect system of a number of erect fila- 
ments growing from it. Compsopogon 
shows a resemblance to Kyliniella in an- 
other feature also, viz. the possession of 
parietal chromatophores without pyre- 
noids. In the type species K. latvica, 
Skuja found only a single parietal chro- 
matophore. Butin an American form of 
this species which has been recently des- 
eribed by Flint (1953, p:*76,), the: cells 
have several parietal chromatophores with- 
out pyrenoids as in Compsopogon. Skuja 
(1938) also has already pointed out the 
similarity between Compsopogon and Kyli- 
nella. So Compsopogon and Kyliniella 
may be considered to be closely related 
to each other. Compsopogon may there- 
fore be included along with Kylimella 
in the Erythrotrichieae. Since parietal 
chromatophores are considered to be more 
advanced than axile chromatophores, and 
to be derived from them, these two genera 
may be considered as the most advanced 
genera among the Erythrotrichieae. 


Summary 


An account is given in this paper of 
the structural development and repro- 
duction of a Compsopogon collected at 
Madras. 

The growth of the filament and the 
formation of the cortex are described in 
detail. 

The chromatophores in the present alga 
are elongate and thread-like and often 
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branched, though a number of chromato- 
phores in the same cell may be round, oval 
or ellipsoid. 

In the basal portion of some very old 
filaments, the central region is occupied 
by a medullary tissue of large cells. This 
tissue is derived from the cortical region. 

Plenty of monospores were formed by 
the alga and the germination of these 
monospores and all the stages of the 
developing germling were followed in 
full detail. 

A detailed study of the younger stages 
of the alga shows that the alga is hetero- 
trichous. A prostrate system consisting 
of radiately branched filaments is first 
formed by the germling. A number of 
erect filaments is formed from some of 
the cells of the prostrate system. These 
erect filaments after growing for some 


time become corticated. The young hetero- 
trichous plant, before the commencement 
of cortication, shows a close resemblance 
to Kyliniella Skuja. 

Since the juvenile stages of Compsopogon 
show a close resemblance to Kyliniella, 
it is suggested that the two are closely 
related and Compsopogon may be placed 
in the Erythrotrichieae close to Kyliniella. 


The writer wishes to express his deep 
sense of gratitude to Prof. M.O.P. Iyengar, 
M.A., Ph.D. ( Lond.), for kindly suggesting 
the problem and for his constant guidance 
throughout the course of this investiga- 
tion. The writer’s thanks are also due 
to Mr. T. N. Venkatanathachari, M.A., 
M.Sc;, B.T., and to Dr: C). Bs Rao, Mises 
Ph.D. (Lond.), for providing all the 
necessary facilities for the work. 
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PLATE I, Fics. 1-9. Compsopogon sp. Figs. 1, 9. Mature plants showing the small disc-like 


prostrate portion with a number of erect filaments growing from it. x85. 


Fig. 2. A young plant 


with a disc-like prostrate portion and several uncorticated erect filaments. x 60. Fig. 3. A leaf 
of Vallisneria with Compsopogon growing on it in large numbers. x 5/12. Fig. 4. Prostrate system 
of a developing germling. «750. Fig. 5. A young plant showing three erect filaments growing 
from the prostrate system. x465. Figs. 6-8. Germlings each with a single erect filament; 


Figs. 6, 8, x 465; Fig. 7, x 750. 
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THE EMBRYO SAC DEVELOPMENT OF QUERCUS ROBUR L. 


H. HJELMOVIST 


Botanical Museum, Lund, Sweden 


Introduction 


Certain important features in the em- 
bryology of the genus Quercus are still 
unsettled. According to the description 
of Conrad (1900) the embryo sac of 
Q. velutina is tetrasporic, whereas Schnarf 
(1929), with reference to the works of 
Conrad (1900) and Klebelsberg (1910), 
regards the embryo sac of Q. robur as 
belonging to the Normal type and supposes 
the same to be the case with Q. velutina. 
Neither Conrad nor Klebelsberg, however, 
has given a full account of the develop- 
ment. Maheshwari (1946) is of the 
opinion that the figures of Conrad suggest 
a development according to the Normal 
type, while Fagerlind ( 1938, 1939 ) arrives 
at the conclusion: ‘‘ Die Entwicklung des 
Embryosackes ist hier ganz unbekannt.” 
Furthermore, Benson (1894) has des- 
cribed the formation of well-developed 
embryo sac “‘caeca” in Quercus and 
some related genera; while later authors 
(Conrad, 1900; Klebelsberg, 1910) have 
not observed any such structures in the 
species of Quercus investigated by them. 
On account of this, Schnarf (1929) de- 
clares ‘eine neuerliche Untersuchung 
dieser Bildungen dringend erwiinscht.” 

In order to obtain an idea of the embryo 
sac development in Quercus and if possible 
to settle the questions under dispute the 
present writer made an investigation of 
Quercus robur L. The material was ob- 
tained from naturally growing trees in 
South Sweden. Young fruits were collect- 
ed from a tree and fixed on three occasions, 
at ten days’ intervals ( June 27, July 7 and 
July 17). In addition, on one occasion 
( July 8), fruits were fixed from a number 
of other trees. As the earliest stages of de- 
velopment had been passed in this mate- 
rial, supplementary fixations were made in 
May the following year, from another tree. 
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Navaschin-Karpeschenko’s solution was 
used as fixative and the sections were 
stained with Heidenhain’s iron-haema- 
toxylin; in some cases they were counter- 
stained with light green. 


Observations 


MEGASPORE FORMATION — As mention- 
ed by Benson (1894), in Quercus there 
is a sporogenous tissue of several cells. 
It was found to originate at an early stage 
in the development of the ovule ( fixation 
of May 23 ), when this is an almost hemi- 
spherical, more or less horizontal convexi- 
ty, still without any trace of integuments. 
In longitudinal sections there may, then, 
be seen a few large hypodermal cells in 
the apical part of the ovule, which are 
rich in cytoplasm and have large nuclei 
and nucleoli, although they are not sharply 
distinguished from other cells. At a 
slightly more advanced stage when the 
ovule is bent slightly upwards and the 
integuments have just begun to appear 
(Fig. 1, A), a small group of such cells 
is seen in the apex; in the case shown here 
six cells are conspicuous. These have 
doubtless arisen from hypodermal cells; 
apparently two such cells first divided by 
periclinal walls and the two outer daughter 
cells then divided by anticlinal ones. 
Later stages of development show that 
the archesporium divides further and com- 
prises a greater part of the nucellus, while 
lower down a conducting strand begins 
to develop and joins up with the sporo- 
genous tissue. In the ovule shown in 
Fig. 1, B the sporogenous tissue, in the 
centre of the nucellus, has formed an 
axile strand of more or less elongate cells, 
arranged in longitudinal rows. A similar 
condition has been figured by Benson 
(1894) for Fagus, in which she traced 
the development back to a layer of 


Fic. 1 — A, young ovule in longitudinal section with six sporogenous cells. 
ovule with a central strand of sporogenous tissue. 
of meiosis. 
rently abortive tetrads in which wall formation is weak, especially in the one on the right-hand 
side (the cytoplasm is drawn only in these and in the megaspore mother cell). x 680. 


hypodermal cells; the same origin is no 
doubt to be found in Quercus. Swamy 
(1948) has described a similar massive and 
elongate sporogenous tissue in Casuarina. 
Here all cells undergo meiosis, which is 
not the case in Quercus, but as megaspore 
mother cells may develop here and there 
in the tissue, it should apparently be 
regarded as potentially sporogenous. 

With respect to the integuments, both 
of which are clearly visible in Fig. 1, B, 
it may be pointed out that judging from 
the cell limits the inner integument, at 
least for a great part, derives its origin 
from the epidermis. 

Ovules fixed on July 7 had reached 
the degree of development shown in 
Fig. 1,C. The inner integument has now 
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C, l.s. of an ovule with several cells in beginning 
D, young nucellus in l.s. with a megaspore mother cell in prophase, and two appa- 


grown up to the level of the nucellus while 
the outer is still higher. In the central 
part of the nucellus there are seen certain 
cells here and there which have large 
nuclei and show an incipient meiosis. 
Such cells may occur both at the apex 
as well as farther down. Thus, in Fig. 1, C, 
there is a large nucleus in the prophase of 
the first meiotic division in the upper 
part of the nucellus, and two steps further 
down in the same row there is another cell 
which also shows the beginning of meisois 
though it has not proceeded as far as the 
former. There are no true parietal cells 
at least in this case. In other cases there 
are seen above the megaspore mother cell 
one or two cell layers which are reminis- 
cent of parietal cells ( Fig. 1, D). 
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The further development is shown by 
Fig. 2, A. Here meiosis is completed at 
two places and megaspore tetrads have 
been formed; in addition an arrested 
megaspore mother cell is visible with its 
nucleus in the prophase of meiosis. In 
the tetrads the two lower megaspores lie 
one above the other in the longitudinal 
axis of the ovule while the two uppermost 
ones lie beside each other. The latter 
are more or less disintegrated and of the 
two others in one case the lowest is the 
functioning megaspore as evidenced by 
the presence of a vacuole on either side 
of its nucleus, while the upper has dis- 
integrated. In the second case the upper 
is better developed and is almost certainly 
going to form the embryo sac. The 
embryo sac is thus monosporic, although 
there is some variation with respect to the 
position of the functioning spore in the 
tetrad. Previous assumptions of the em- 
bryo sac being tetrasporic perhaps stem 
from the fact that in some cases, there are 
in the nucellus some apparently 2- or 
even 4-nucleate cells (cf. Fig. 1, C, in 
which there are two at first sight appa- 
rently 2-nucleate cells, the one beneath 
the lower megaspore mother cell, the 
other obliquely beside it, and Fig. 1, D, 
in which there are two at first sight appa- 
rently 4-nucleate cells). As a rule, how- 
ever, careful focussing reveals a feeble 
separating wall in the middle of the 
plasma of the seemingly 4-nucleate cells, 
often also in the apparently 2-nucleate 
ones, although in some cases it could not 
be established with certainty in the latter. 
Binucleate cells of similar appearance as 
in Quercus were reported by Benson 
(1894) in Castanea. It is possible that 
at least in some cases these cells may 
arise through meiotic divisions, but even 
if it is so they certainly do not develop into 
embryo sacs, but should be regarded as 
arrested megaspore tetrads (or dyads) 
which are on way to degeneration. This 
latter may perhaps be the cause of the 
weak, or suppressed, wall formation. 

EmBryo Sac— The further develop- 
ment of the embryo sac takes place in 
the usual way. The 2-nucleate embryo 
sac undergoes considerable enlargement, 
especially in length, and has a large central 
vacuole. At the 4-nucleate stage (Fig. 


2, D) it has attained its characteristic 
shape: the chalazal end is narrow and 
acute with the two nuclei lying one above 
the other, and the micropylar part is 
broad and rounded with the two nuclei 
of this part lying beside each other. The 
embryo sac has now enlarged still more 
and has already at the 4-nucleate stage 
penetrated to the apex of the nucellus des- 
troying the cells above it. Contrary to 
Conrad’s (1900) statement the three anti- 
podals are always well developed. The 
mature embryo sac is shown in Fig. 2, E. 
The egg cell has a comparatively small 
nucleus of about the same size as the 
synergid nuclei, whereas the polar nuclei 
soon become much larger (Fig. 2, E; Fig. 
2,B,left). The embryo sac on the right in 
Fig. 2, B shows an earlier stage, where the 
polar nuclei are still rather small. Accord- 
ing to Conrad ( 1900 ), in Quercus velutina 
the walls of the synergids are striate in 
the upper part; but no such striae were 
visible in Q. robur, at least with the 
staining methods used by the author. 

As a rule only one embryo sac matures 
in each nucellus but sometimes more than 
one may develop. Fig. 2, B shows two 
fully developed 8-nucleate embryo sacs 
in the same nucellus. In another case 
an 8-nucleate embryo sac was seen in the 
apex of the nucellus and a 2-nucleate one 
lower down. When two or more embryo 
sacs occur, they generally originate from 
different tetrads. Only in one case, it 
was observed ( Fig. 2, C) that two mega- 
spores of the same tetrad, obviously the 
two lowest ones, had developed further. 
Stenzel’s ( 1890 ) statement (cf. Schnarf, 
1929, p. 477) that polyembryony may 
occur exceptionally in Quercus robur and 
that the embryos then have a very vary- 
ing position certainly owes itself to the 
fact that multiple embryo sacs sometimes 
arise and that an embryo has been formed 
in more than one of them. 

Just as several embryo sacs may occur 
in the same nucellus, so in one case two 
nucelli were observed in the same ovule. 
Both were of similar size and each had 
an embryo sac in the apex. A similar 
abnormality has been observed by Swamy 
( 1948 ) in Casuarina equisetifolra, where 2 
nucelli regularly occurred in the ovules of 
a particular tree. However, in Casuarina 


Fic. 2 — A, an older ovule with a me 
Another tetrad lies in a different plane of the same se 
an aborted megaspore mother cell is also visible. 
side in the same nucellus. In one of them the pol 


wide apart. C, two developing megaspores of the same tetrad, the upper being ahead of the lower. 
D, 4-nucleate embryo sac. E, mature embryo sac. x 730. 


gaspore tetrad; the basal megaspore is functional. 
ction, and is shown separately, in addition 
B, two 8-nucleate embryo sacs lying side by 
ar nuclei are close together, in the other still 


F1G. 3 — À, embryo sac with the caecum just formed. B, same, later stage, in which secondary 
nucleus has migrated down into the caecum. C, embryo sac with four endosperm nuclei in caecum, 
the egg still undivided. D, part of egg from embryo sac with 4-nucleate endosperm, the egg nucleus 


fusing with one of the male gametes (to the right). A, x 715; B, C, x 300; D, 


n =nucellus. 


the two nucelli were of different sizes and 
one of them aborted in the course of 
development. 

FORMATION OF CAECUM — I can con- 
firm Benson’s (1894) statement that a 
caecum is regularly formed from the 
embryo sac. Even at the 8-nucleate 
stage, it may be observed that the two 
polar nuclei and the main part of the 
cytoplasm of the embryo sac lie on one 
side of the sac and that the adjacent nucel- 
lar cells begin to disintegrate ( Fig. 2, E ). 
Fig. 3, A shows a more advanced stage 
where the secondary nucleus has been 
formed. Here the embryo sac has given 
tise to a lateral projection which has 


x 1200. c = caecum, 


penetrated a considerable way down into 
the nucellus, about as far as the antipodals, 
accompanied with a disorganization of 
the cells lying in its way. This caecum- 
structure then elongates more and more 
and finally reaches the base of the nucellus 
while the secondary nucleus migrates 
down into it (Fig. 3, B). The antipodals 
remain im situ but now begin to show 
signs of degeneration. The caecum forma- 
tion, then, extends vigorously especially 
in the lower part with the destruction 
of a greater part of the nucellus and 
also of the adjacent integument. Fig. 3, C 
shows four endosperm nuclei all of 
which lie far down in the caecum. The 
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antipodals have already disintegrated, but 
the egg cell is still undivided. The endo- 
sperm nuclei are larger than the nucleus 
of the egg and each of them contains two 
or three nucleoli. In another embryo sac 
with 4-nucleate endosperm only two 
nuclei were situated in the caecum while 
the other two were in the proximity of 
the antipodals. Here also the egg cell 
was undivided. The embryo sacs with 
4-nucleate endosperm were fixed on July 
17, and some of those with undivided 
secondary nucleus on July 8. 

FERTILIZATION — As already known the 
pollen tube enters the ovule through the 
micropyle, which ( contrary to some earlier 
statements ) is open and forms a narrow 
canal. In the embryo sac in Fig. 3, B 
no pollen tube has yet entered. This was 
also the condition in some others where 
the secondary nucleus had already mi- 
grated downwards into the caecum pro- 
longation. However, in embryo sacs with 
two or four endosperm nuclei, like the one 
reproduced in Fig. 3, C, some remnants 
of the pollen tube were quite visible and 
at least one of the synergids had been 
destroyed. In two or three embryo sacs 
having 4-nucleate endosperm one of the 
male gametes was found lying just in the 
periphery of the egg cell nucleus ( Fig. 
3, D). This means that the secondary 
nucleus, situated in the caecum, after 
fusion with the second gamete (this 
fusion was unfortunately not observed ) 
must have undergone two divisions even 
before the egg nucleus had completed its 
fusion with the first gamete. The develop- 
ment of the zygote and the embryo is 
thus considerably delayed in comparison 
with the endosperm. 

Concerning the interval between polli- 
nation and fertilization various state- 
ments have been made by different 
authors (cf. Schnarf, 1929, p. 273). As 
fertilization was first observed in embryo 
sacs fixed on July 17, and as anthesis had 
taken place in the latter half of May, it 
would appear that approximately two 
months elapse after pollination before 
nuclear fusion is completed. 


Discussion 


When Benson (1894) published her 
investigations on the Amentiferae she 
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pointed out the close embryological simi- 
larities with Casuarina, but stated that 
there were also certain “ striking distinc- 
tions ’’, as the conditions then were known. 
Later investigations on the Amentiferae 
and particularly those on Casuarina 
(especially Swamy, 1948) have further 
emphasized these similarities, whereas 
statements about the so-called deviations 
that were said to exist in Casuarina 
(absence of antipodals, no fusion of 
polar nuclei, etc.) have been shown in 
recent years to be due to misinterpreta- 
tions. 

With respect to Quercus there is especial 
reason to emphasize its great similarity 
with Casuarina with respect to the multi- 
cellular sporogenous tissue and the differen- 
tiation of some of the hypodermal cells 
into a massive central strand, the chief 
difference being that in Quercus consider- 
ably fewer cells undergo meiosis than in 
Casuarina. Further, in both Quercus and 
Casuarina the megaspore tetrads have an 
undecided and variable position and a 
megaspore other than the basal may 
function, sometimes more than one mega- 
spore of the same tetrad, although in 
Quercus there is no development of all 
four cells as in Casuarina. The well- 
developed chalazal caecum offers an addi- 
tional point of similarity with Casuarina, 
as also the fact that the endosperm is 
always more advanced than the embryo 
in its development. In both genera the 
pollen tubes send out branches, but 
the chalazogamous growth that is found 
in several other Amentiferae and in 
Casuarina is not found in Quercus. The 
long interval that elapses between polli- 
nation and fertilization is also a common 
feature. 

There are, thus, considerable general 
similarities in the embryology of Quercus 
and other related genera on the one hand 
and of Casuarina on the other, even though 
on the whole the development in Quercus 
shows a certain reduction as compared 
with the type represented by Casuarina. 
These embryological similarities cannot 
be explained otherwise than by assuming 
a relationship between the groups repre- 
sented by these genera, which is also 
supported by considerations of floral 
morphology (see Hjelmqvist, 1948) and 
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pollen morphology (Erdtman, 1952). 
In recent times it has been customary to 
regard the orders designated as Amenti- 
ferae as reduced types that should be 
placed high up in the system, and 
Lawrence (1952) even mentions the 
present writer as almost the sole repre- 
sentative for the (in his opinion) anti- 
quated conception that these orders com- 
prise a primitive group. However, there 
are also other recent authors who share 
this opinion (cf., for instance, Suessen- 
guth & Merxmüller, 1952), and in this 
connection I would especially emphasize 
the conclusions that follow from the 
affinities demonstrated between the Casua- 
rinales ( Verticillatae) and the orders 
Fagales, Betulales and Juglandales, which 
constitute the core of the Amentiferae. 
If these orders are placed high up in the 
system as a reduced group, then a similar 
place must also be accorded to the Casua- 
rinales. I think that most systematists 
would hesitate to accept such an arrange- 
ment, paying due regard to the primitive 
features found in the Casuarinales. Lam 
(1947-48, 1952) is at the other extreme 
and refers the Casuarinales as well as the 
Gnetales to the group Protangiospermae. 
Skottsberg (1940), on the other hand, 
has solved the problem by placing the 
amentiferous orders high up in the system, 
and the Casuarinales at the beginning of 
the Angiosperms, before Ranales. This, 
however, is not in agreement with the 
undoubted similarities that exist between 
the two groups. They must obviously 
_ be placed close to one another and, in the 
opinion of the present writer, it is not 
possible to regard them other than as 
representatives of primitive types —which, 


of course, does not mean that there are 
not also other primitive groups. 

Posteript — Since the above was sent 
to press, Professor P. Maheshwari has 
drawn my attention to a recent study 
of the embryology of Quercus macrolepis 
Ky. by H. Bagda (Istanbul Univ. Fen 
Fak. Mecmuasi B, 17: 77-94 1952). 
According to this author the embryo sac 
of Q. macrolepis is tetrasporic and 6- 
nucleate, there is no caecum, and large 
aposporic embryo sacs are formed, at first 
containing a single prominent nucleus, 
which then divides into many endosperm 
nuclei; one of these is said to develop into 
an embryo. 

The development from the megaspore 
mother cell to the embryo sac was followed 
from a few slides only, and it appears that 
all the stages were not observed. The 
stages represented by Bagda as Fig. 7 
(megaspore mother cell) and Fig. 8 
(large 2-nucleate embryo sac) may not 
have followed directly after one another; 
there may very well have intervened the 
usual meiotic divisions, a disintegration of 
three nuclei and a division of the fourth, 
so that the development is really of the 
Normal type. Further, the figured apo- 
sporic embryo sacs show a great similarity 
to caecum structures with their large 
nucleus dividing into endosperm nuclei. 
Perhaps the author has overlooked the 
narrow bridge between the caecum and 
the embryo sac proper (which appears 
6-nucleate after the migration of the 
secondary nucleus into the caecum ) and 
thus considered the caecum to be a sepa- 
rate embryo sac; only after embryo for- 
mation the two parts seem to have been 
regarded as one unit. 
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PREMNOXYLON, A NEW CORDAITEAN AXIS 
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Although the recorded number of 
Palaeozoic gymnosperm axes of apparent 
Cordaitean affınity is great, there has been 
a general tendency to assign most of them 
to the form genus Dadoxylon, which is 
reserved for Palaeozoic stems having 
Araucaria-like secondary wood. This 
tendency is to be deplored, as it reveals 
little of the possible diversity of Palaeozoic 
floras and nothing of possible relationships 
among Palaeozoic gymnosperms. How- 
ever, in many instances there is no other 
recourse, especially if the primary vas- 
cular tissues are not preserved. 

The following report is a record of the 
discovery, in a coal ball, of a gymnosperm 
axis which is an anomalous Cordaitean in 
many respects, but which has Dadoxylon- 
type secondary wood. Its exact affınities 
are still somewhat obscure, and it is des- 
cribed here with a number of reservations. 

The coal ball containing the structures 
to be described was collected at the Ellis 
mine, a strip mine located six miles south 
of Oskaloosa, Iowa. 

Geologically, the material was recovered 
from strata of the Des Moines Series, 
which are of Upper Pennsylvanian age. 


Description 


GROSS DESCRIPTION — Two rather com- 
plete axes lacking only the extra-xylary 
tissues, and a portion of the secondary 
wood and pith of two others were dis- 
covered in a coal ball of somewhat 
spherical shape that was 4 inches in 
diameter. The first saw cut was ob- 
liquely transverse to the axes, which 
were all oriented in the same plane, sug- 
gesting that they emanated from the 
same plant (Fig. 1). A second cut was 
made from which serial transverse sec- 
tions were made. Two-thirds of the 
preserved portions were utilized in making 
serial longitudinal sections. 

The larger of the two complete axes is 
4-8 cm. in diameter (Figs. 1, 3); the 
smaller, 2-0 cm. in diameter. A measure- 
ment from the centre of the pith to the 
periphery of the secondary xylem of one 
of the incomplete axes is 2-5 cm., sug- 
gesting that this was originally the largest. 
The fourth is too incomplete for even its 
radius to be determined. 

In addition to these four large axes, 
four smaller ones, all badly crushed, are 
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present. Though there is no proof that Of the two complete axes the larger 
they were from the same plant there is a is 10 cm. long, extending the full length 
general agreement in the structure of of the coal ball, while the smaller com- 
their secondary wood. plete one is to one side of the centre of 


+} i S i © he four axes. L, lateral axis. x1. 
-3 — Fig. 1. Oblique transverse section of three of t eral axi 
Fi De of a ne peel showing oblique transverse and radial sections. Tue 
ith a pears hollow owing to the intrusion of a Stigmaria root which has eroded the centremost 
Fels 1: Fig. 3. Transverse section of the larger of the three axes in Fig. 1. 1:5. 
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the coal ball and extends for a distance 
of 8 cm. 

A central pith is present in three of 
the axes, ranging in diameter from 7 mm. 
in the larger to 5 mm. in the smaller. 

Dense secondary wood showing no 
annual rings amounts to about 2-5 cm. 
and 0-7 cm. from the periphery of the 
pith to the periphery of the secondary 
xylem in the larger and smaller axes 
respectively. 

The larger axis gives rise to two large 
lateral appendages approximately 8 cm. 
apart vertically (Fig. 1); the smaller 
axis has one of these regions at which a 
lateral appendage arises. 

INTERNAL ANATOMY — The Primary 
Body — Five to six strands of primary 
xylem occur at the margin of the pith. 
For at least a portion of their course 
these primary strands seem to have been 
separated from direct contact with the 
secondary xylem by one or more rows 
of parenchyma cells. That this is not 
due to post-mortem rupture alone is 
evidenced by radial sections in which the 
primary xylem can be seen to be flanked 
by parenchyma cells ( Fig. 9 ). 

The bundles are best described as 
exarch, since the sequence of elements in 
radial section shows outer helically 
thickened cells and inner bordered-pitted 
cells in those portions of the primary 
xylem strands in which preservation is 
sufficient to allow an accurate determina- 
tion (Fig. 9). The probability of this 
arrangement is also substantiated by the 
arrangement of the primary strands in 
cross-section ( Fig. 11). 

APPENDAGE ANATOMY — The anatomy 
of the axes in the vicinity of the lateral 
appendages was determined from longi- 
tudinal sections through both the large 
and small axes. In the small axis, one 
region is present in which a single hori- 
zontal trace 1 mm. in diameter at its base 
is distantly subtended by a double trace, 
each portion of which is approximately 
0-5 mm. in diameter. The larger single 
trace is displaced from the double trace 
by a vertical distance of 1-8 cm., and 
as it passes out through the secondary 
xylem, it is accompanied by an increasing 
amount of secondary xylem, giving the 
trace the appearance of an inverted cone 


PHYTOMORPHOLOGY 


or wedge with the apex directed inward 
(Fig. 5). 

The subtending double trace is quite 
short, extending for a distance of not 
more than 6 mm. outward into the 
secondary xylem. No secondary xylem 
is associated with these traces which are, 
instead, ensheathed by transfusion tissue 
for their entire length ( Fig. 12). 

In the larger axis one complete appen- 
dicular region (including both large and 
small traces) and a portion of a second 
are present, from which the determination 
of the distance between successive such 
regions has been made. From one large 
trace to the next there is an intervening 
distance of approximately 8 cm.; however, 
the displacement distance of the upper 
large trace from its subtending double 
trace is nearly 2:0 cm. The double traces 
are comparably as short as the small 
traces in the small axis, extending for a 
distance of less than 6 mm. through the 
secondary wood. 

SECONDARY XYLEM — The secondary 
xylem has typical Dadoxylon structure. 
In cross-section the tracheids range in ra- 
dial diameter from 35 to 75 u and approxi- 
mately the same in tangential diameter 
(Fig. 4). Crowded, hexagonal, alternate 
bordered pits with oblique apertures 
occur in 1-4 rows, usually 3 rows, on the 
radial walls of the tracheids (Fig. 6). 
Occasionally the tangential walls have a 
single or double row of similar bordered 
pits. 

The vascular rays as seen in tangential 
section are exclusively uniseriate, nor- 
mally 1-5 cells high, but occasionally 
up to 12 cells high, and averaging 40-50 y 
in width (Fig. 7). In radial section the 
dimensions of the vascular ray cells are 
90-175 u in length and 50-75 y in height. 
In one radial section a strand of vertical 
parenchyma was seen to connect two of 
the horizontal rays. The rays have no 
bordering tracheids and are without dis- 
cernible pits on any of the walls. Both 
the tracheary elements and the paren- 
chyma cells of the rays are often occluded 
with dark contents suggesting a type of 
gummy deposit. 

PITH— In cross-section the pith is 
obscurely five-angled and solid. It has 
pulled away from the secondary xylem, 


Fics. 4-8 — Fig. 4. Cross-section of xylem. x100. Fig. 5. Cross-section showing large trace 
at margin of pith and inward from point of accumulation of secondary xylem, x35. Fig. 6. Radial 
section of xylem. X100. Fig. 7. Tangential section of xylem. x 100. Fig. 8. Single strand of short 


medullary tracheids. x 100. 


presumably after death, throughout its also separated the primary xylem from 
circumference in some sections (Figs. 2, what may have been in contact with the 


3). In many instances this rupture has secondary xylem. 


Fics. 9-12 — Fig. 9. Radial section through primary bundle showing its exarch nature. X 100. 
Fig. 10. Same, showing mesarchy in a bundle which has been pulled away from contact with the 


secondary xylem. x 100. 


Fig. 11. Cross-section showing exarch primary strand (S). 


33: 


Fig. 12: 


Radial section of a short trace coming off at right angles to a primary strand which has been pulled 


away from contact with the secondary xylem. 


The cells of the pith are mostly iso- 
diametric parenchyma cells, but scattered 
irregularly throughout the pith are two 
types of tracheids. Some are long and 
narrow and arranged either in one or 
several longitudinal rows, and have multi- 
seriate pitting apparently on all walls. 
Other tracheary elements are short and 
blunt, usually somewhat shorter than the 


Pith to the left. 


x 35. 


pith parenchyma cells, with a single row 
of bordered pits ( Fig. 8). 

The pith parenchyma cells are 125-175 u 
in radial dimension, 90-175 y in vertical 
dimension and 100-175 u tangentially. 
In radial section the pith has an overall 
appearance of radially oriented cells. In 
the peripheral area these cells are often 
occluded with gummy deposits (Fig. 11). 
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TRACE FORMATION WITH RESPECT TO 
THE PRIMARY BUNDLE — At the time of 
the formation of the small double trace, 
a strand of primary xylem comes into 
contact with the secondary xylem and 
appears to become eccentrically mesarch 
(Fig. 10). In serial longitudinal sections 
the strand appears to divide, with one 
division giving rise to the small traces 
and the other continuing upward as a 
“ reparatory strand’. The small traces 
are given off abruptly and at right angles 
to the main strand. As mentioned be- 
fore, these traces are extremely short 
and blunt and surrounded by a sheath 
of transfusion tissue; however, there 
does not appear to be a gap formed 
(Pig. 12°); 

The “ reparatory strand ” continues up- 
ward for a distance of nearly 2:0 cm. at 
which level it gives rise to a single hori- 
zontal trace. It appears from serial 
transverse sections that the strand which 
comes into contact with the secondary 
wood at the time of the formation of 
the small traces remains in such con- 
tact, but prior to the emission of the 
large trace it becomes even more com- 
pletely surrounded by secondary xylem, 
finally passing out abruptly as a single 
trace. 

Even from serial transverse sections in 
the formation of the large trace it is 
difficult to state for certain that a gap 
is formed. Instead, it appears that an- 
other primary strand is formed within the 
zone of secondary xylem and this 
strand eventually assumes a more distinct 
circum-medullary position in its distal 
course. 


Discussion 


The axes under consideration have 
thus far been called neither stem nor root, 
since there is some debate as to their 
identification with one or the other of 
these plant organs. These axes. possess 
anomalies to both root and stem. Their 
comparison with a gymnosperm stem is 
based on (1) the presence of small, hori- 
zontal traces subtending a larger trace, 
and (2) the presence of a mixed pith. 
On :the other hand, certain root-like 
features are present: (1) the horizontal 
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mode of emission of the traces, especially 
of the larger trace, which accumulates a 
cone of secondary xylem around it after 
the manner of lateral roots; (2) the 
exarch nature of the primary xylem; 
(3) the apparent absence of gaps as- 
sociated with the traces, and the displace- 
ment of the larger trace above the smaller 
paired traces. 

For the present, these axes may be 
diagnosed as roots, but it is quite apparent 
that no root with the characteristics 
of the present specimens has been pre- 
viously recorded. Accordingly, it is as- 
signed a new generic name, Premnoxylon, 
from the Greek rPeuyov and EvAov 
meaning stump-wood, a name which is 
intended to imply a possible association 
with either stem or root. 

DIAGNOSIS — Premnoxylon Pierce & 
Hall, gen. nov. © Axes, probably roots, 
with Dadoxylon-type secondary wood, 
exarch primary xylem in relatively few 
distinct strands, and a mixed pith contain- 
ing tracheids; short, paired traces, widely 
separated vertically (longitudinally ), sur- 
rounded by transfusion tissue; large single 
traces accumulating a wedge of secondary 
xylem in their horizontal course. One 
species, Premnoxylon towense Pierce & 
Hall, sp. nov., with characters of the 
genus. 

Type: Coal ball UM 110, Palaeobotani- 
cal Collection, University of. Minnesota, 
Minneapolis; Figs. 1-12. 

Horizon: Des Moines Series, Upper 
Pennsylvanian, Iowa. 

Locality: Ellis Mine, south of Oskaloosa, 
Iowa. 

Interpreting these axes as roots, they 
are most similar to members of the genus 
Amyelon, which are generally considered 
to be the roots of Cordaites ( cf. Seward, 
1917). Amyelon, however, is protostelic, 
and usually diarch to triarch or tetrarch. 
However, those specimens of Amyelon 
which are so described are considerably 
smaller and ontogenetically younger than 
the specimens of Premnoxylon at hand. 
A number of the commonly encountered 
small, Amyelon-like axes in Iowa coal 
balls, which await investigation, appear 
to possess a pith, which is, however, much 
smaller than that of Premnoxylon. At the 
present time, these cannot be compared 
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with Premnoxylon, principally because 
of the differences in amount of the 
central primary tissues, nor is it at all 
apparent that these are referrable to the 
genus Amyelon. Since the pith is an 
anomalous tissue in gymnospermous roots, 
the presence of strands and bundles of 
medullary tracheids in Premnoxylon is 
suggestive of a retention of certain pri- 
mary tracheary elements in a central 
tissue, such as that in Amyelon, which has 
undergone ontogenetic dedifferentiation to 
an innermost parenchymatous region as 
the axis ages. But, the growth mechanics 
which would account for the formation of 
such a pith from presumably non-living 
tracheary cells are difficult to visualize. 
Even if this assumption is rejected, an- 
other phenomenon is encountered which 
requires explanation. This is the ap- 
parent expansion of this central region in 
older or larger axes, if Premnoxylon is to 
be compared with Amyelon. Except in 
unusual cases, our present ontogenetic 
concepts make no allowance for the in- 
crease in diameter of primary tissues once 
they are established; yet, the central 
primary tissues of Premnoxylon, all speci- 
mens of which are large, are greater in 
diameter than those in smaller specimens 
of Amyelon. At the present time, it is 
inconceivable that as the axis increased in 
diameter by the accretion of secondary 
xylem, the primary xylem at the same 
time increased in amount and/or dedif- 
ferentiated into a parenchymatous pith. 
According to current concepts, the pri- 
mary tissues which occur in Premnoxylon 
must even have been completely formed 
during a single ontogenetic differentia- 
tion, during which a large central mixed 
pith and 5-6 circum-medullary strands 
were produced. This interpretation is 
subject to revision when more is known 
about the Amyelon-like axes mentioned 
above. 

The small traces in Premnoxylon seem 
to be somewhat anomalous for roots. 
They are short, and no secondary xylem 
is formed around them as it is around the 
larger traces. They occur in pairs, as do 
the leaf traces in many Palaeozoic gymno- 
sperm stems. However, there are no gaps 
associated with these traces, and they 
pass out horizontally, not at an angle as 
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do leaf traces. Furthermore, they are 
relatively infrequent, since only two pairs 
were encountered among the specimens. 
Their association with the larger traces is 
not intimate, occurring as they do some 
2-0 cm. below the larger traces. Prob- 
ably, then, they represent small lateral 
roots which were sloughed off before 
secondary xylem formation. 

That Premnoxylon is a stem is not 
beyond possibility. Exarch gymnosperm 
stems, though rare, do occur, as in 
Poroxylon and Calamopitys kansanum 
( Baxter & Roth, 1953). Circum-medul- 
lary strands and a mixed pith occur 
among the Pityeae and Calamopityeae 
(Scott, 1923), some members of the latter 
group having Dadoxylon-type secon- 
dary wood. Furthermore, Scott (1902) 
has described Parapitys spenceri, a cor- 
daitean which has many resemblances to 
Premnoxylon, including a solid, 5-angled 
pith and widely separated ( vertically ) 
paired leaf traces. However, the bundles 
of Parapitys are mesarch and the leaf 
traces are longer than those of Premnoxy- 
lon; it is not felt that there is enough 
resemblance of the latter genus to 
Parapitys even to warrant consideration 
of the new genus as a stem. 


Summary 


1. Axes discovered in an Iowa coal ball 
have been designated roots and named 
Premnoxylon towense Pierce & Hall, gen. 
et sp. nov. 

2. These roots have Dadoxylon-type 
secondary wood; widely separated, small, 
paired traces accompanied by transfusion 
tissue; upwardly displaced larger traces; 
a pith containing scattered traces; and 
exarch primary xylem. 

3. Premnoxylon appears most nearly 
like Amyelon, but differs in the possession 
of a mixed pith by the new genus. Al- 
though similar in certain respects to some 
Palaeozoic gymnosperm stems, Premnoxy- 
lon is more root-like than stem-like. 

This investigation has been made pos- 
sible by a grant to the junior author from 
the National Science Foundation, to which 
he is duly grateful. Miss Wilma Mon- 
serud has aided in the preparation of the 
illustrations. 
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THE RELATIONSHIPS OF THE COMPOSITAE 
PARTICULARLY AS ILLUSTRATED BY THE MORPHOLOGY 
OF THE INFLORESCENCE IN THE RUBIALES AND 
THE CAMPANULATAE* 


We Ke PHILIPSON 


Canterbury University College, New Zealand 


Introduction 


The Compositae are generally consider- 
ed to stand at the summit of one line of 
floral evolution, yet the principal systems 
by which the families of Dicotyledons 
have been arranged do not all show the 
Compositae in the same circle of affinity. 
Some authors consider that the family 
has been derived from the stock which 
gave rise to the Rubiaceae, the Valeriana- 
ceae and the Dipsacaceae, whereas others 
regard it as descended from the ancestral 
stock of the Campanulaceae. 

Recent authors have favoured one or 
other of these alternatives, but earlier 
writers recognized a general similarity 
between all the gamopetalous families 
with an inferior ovary, and since they 
were not concerned to produce a phylo- 
genetic system, they were content to point 
out the numerous supposed affinities of 
a family without attempting to state 
which were of the same line of descent and 
which collateral. Thus Batsch (1802), 


in constructing his table of affinity, indi- 
cates that the different tribes of the family 
(and even different members of the same 
tribe ) show relationship with the Campa- 
nulaceae, the Valerianaceae and other 
families, without implying thereby that 
the family is polyphyletic. - Similarly 
Cassini ( 1826) states that the generally 
recognized affinity between the Liguli- 
florae and the Campanulaceae is supported 
by the close resemblance of their styles, 
but emphasizes that the Calyceraceae 
form a link in the chain between the Com- 
positae and the Dipsacaceae. Both these 
affinities are indicated graphically, but 
the lack of arrows indicating the direction 
of evolution in time, which would have 
been considered necessary by Darwinian 
naturalists, is characteristic of his age. 
Lindley (1846) gives fuller expression 
to the views of Cassini; he recognizes the 
close relationship with the Campanula- 
ceae, but states that the closest affinity 
is with the Calyceraceae and the Dipsa- 
caceae. 


* The material incorporated in this paper formed part of a thesis for the degree of Ph.D. 


(London). 
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The next author to publish views on 
the relationships of the Compositae ap- 
proached the subject from the standpoint 
of the biology rather than the morphology 
of the flower. Delpino (1871) endeavour- 
ed to trace the evolution of anemophily 
in Absinthium, and, as a result of this 
work, formed the opinion that the Com- 
positae originated from the Campanula- 
ceae through the Lobelioideae. Bentham 
(1877 ) supported the opinion of Lindley 
that the closest affinity of the Compositae 
is with the Rubialian-Dipsacalian group, 
but avoids the uncertainty of dual affınity 
by rejecting as, at best, very remote, 
the affınity which Delpino claimed to 
have shown between the Compositae and 
the Lobelioideae. In view of the impor- 
tance of Bentham’s opinion, which was 
expressed after having written the parts 
of the “ Genera Plantarum ” dealing with 
the Compositae and the Campanulaceae, 
the passage in which he rejects the Campa- 
nulaceous origin of the Compositae is 
quoted: “I confess myself quite unable 
to see any grounds for supposing, with 
Delpino, that Lobelieae are the parents 
of Compositae. Moreover, if the two 
orders had a common parent, it must 
have been a very remote one with a long- 
passed extinction of all the races which 
formed the intermediate stages. The 
intervening gap which now separates them 
is too wide and deep. In the important 
point of the pistillary structure no genus 
or species of the tribe Lobelieae or of the 
whole order of Campanulaceae shows any 
approach to that which is so uniform in 
Compositae: nor indeed does any of the 
whole group of Campanulaceous orders, 
unless it be some slight indication in one 
or two species of Goodenoveae, the fur- 
thest removed from Lobelia. Turning it 
over again and again, I can discover no 
plausible foundation for Delpino’s geneo- 
logical Table from Lobelia to Artemisia.” 

Bentham’s selection of the Dipsacaceae 
as the existing family nearest to the line 
of Composite evolution is accepted by 
few subsequent authors. In particular, 
the German school of systematists have 
favoured the Campanulaceous origin of 
the Compositae. Before reviewing ‘the 
authors holding the alternative opinion, 
it will be convenient to mention here that 
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the only recent author to share Bentham’s 
views on the Dipsacalian origin of the 
Compositae was Bessey (1915). It is 
true that Hutchinson (1926) associates 
the Compositae with the Dipsacaceae and 
other families to form the Asterales, which 
he considers to be ‘‘ a polyphyletic group 
probably derived from several lower 
groups, including the Umbelliflorae, 
Rubiales and Campanales ”, but in the 
arrangement of families which he publish- 
ed in 1946 he clearly indicates a Campa- 
nulaceous origin for the Compositae. 
Gundersen ( 1943 ) places the Compositae 
with the Campanulaceae and the Dipsaca- 
ceae in one group, together with the 
majority of the gamopetalous families 
with an inferior ovary. Later (1950) 
he unites them with the Calyceraceae 
to form the Asterales, following the 
Rubiales. 

I have seen three systems published by 
Eichler (1876, 1880 and 1883). In the 
earliest the Compositae are placed with the 
Dipsacaceae, Valerianaceae, Caprifoliaceae 
and Rubiaceae in his Aggregatae; in the 
second the Aggregatae has shrunk by the 
exclusion of the Rubiaceae and Caprifolia- 
ceae; and in the last the Compositae alone 
constitute this group, and their previous 
association with the Dipsacaceae is dis- 
counted by their new position following 
the Campanulaceae. This opinion is up- 
held by all the authors dealing with the 
families concerned in “ Die natürlichen 
Pflanzenfamilien’ of Engler and Prantl 
( 1887-1909 ), whose views were given 
systematic form in Engler’s “ Syllabus der 
Pflanzenfamilien”” (1898) and its sub- 
sequent editions. The systems of Wett- 
stein (1901-8), Hallier (1905), Lotsy 
(1911), Rendle ( 1925 ) and Pulle ( 1937 ) 
also link the Compositae with the Campa- 
nulaceae. 

The opinions of the systematists re- 
viewed above are, of course, largely based 
on evidence derived from the external 
morphology of the flower. It is becoming 
recognized, however, that the anatomy 
of plants can furnish evidence of value 
in determining the relationships between 
large taxonomic groups ( Metcalfe, 1946 ). 
Most modern work of this kind relates 
to the structure of timbers and is of little 
assistance in tracing the affinities of the 
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Compositae. A great deal of pioneer 
work on the systematic value of ana- 
tomical characters was done towards the 
end of the last century, but the facts 
which I have been able to find in the 
literature are not very helpful. 

Basing his opinion on the course of the 
vascular strands in the stem, Vuillemin 
(1884) considered that the Dipsacaceae, 
Valerianaceae and Caprifoliaceae resemble 
the ancestors of the Compositae. Vesque 
( 1885 ) states that anatomically speaking 
there is no distinction between the Dip- 
sacaceae, Valerianaceae and Caprifolia- 
ceae, and that this group is connected by 
the genus Viburnum to the Rubiaceae. 
He does not, however, comment on the 
affinities of either the Compositae or the 
Campanulaceae. Solereder ( 1885 ) places 
little reliance on the occurrence of inner 
phloem bundles in Campanulaceae and 
the tribe Liguliflorae of the Compositae, 
because the character occurs sporadically 
in other families, such as the Araliaceae. 
In his handbook on the “ Systematic 
Anatomy of the Dicotyledons ”’ ( English 
translation by Boodle and Fritsch, revised 
by Scott, 1908) the following opinion is 
given: “ The occurrence of inulin and 
lactiferous vessels in this order ( Campa- 
nulaceae ) constitutes an approach from 
the anatomical point of view to the Com- 
positae and more especially to the Cicho- 
riaceae, which the Campanulaceae 
resemble in other respects.” But doubt 
is cast on the weight that should be placed 
on this type of evidence by conclusions 
reached by van Tieghem (1885): “ The 
Dipsacaceae are devoid of secretory canals, 
but several among them possess, in the 
pericycle of the stem and leaves, long 
isolated secretory cells, sometimes lacti- 
ferous or resinous. There is, therefore, 
an affinity with Compositae of the tribe 
Tubiflorae.”’ 

In an important paper on the anatomy 
of the node, Sinnott ( 1914) draws atten- 
tion to the systematic value of the nature 
of the leaf-gap. As regards the relation- 
ships of the Compositae he states: “ In 
this order (the Campanulatae ) the Cam- 
panulaceae are entirely unilacunar. The 
Goodeniaceae and Compositae, however, 
are trilacunar or in rather rare cases multi- 
lacunar. The theory so generally held 


PHILIPSON — THE RELATIONSHIPS OF THE COMPOSITAE 


393 


and maintained in the recent classifica- 
tions of Engler and Hallier that the Com- 
positae have been derived from the Cam- 
panulaceae or their near allies therefore 
receives no support from nodal anatomy 
for if our general hypothesis as to the 
origin of the different types of nodal 
structure in the angiosperms is correct, 
we should certainly not expect the tri- 
lacunar condition of the Compositae to 
have been derived from the unilacunar 
(and hence reduced ) one which character- 
izes the Campanulaceae. We should mcre 
naturally look to the trilacunar Goodenia- 
ceae, Dipsacaceae or Caprifoliaceae for 
the ancestors of the Compositae.” It 
should be borne in mind that the tri- 
lacunar condition may be regarded as the 
normal state and its occurrence in the 
Dipsacaceae does not, therefore, constitute 
strong evidence of relationship with the 
Compositae. The strength of the evi- 
dence against any close relationship with 
the Compositae provided by the uni- 
lacunate condition of the Campanulaceae 
is, perhaps, reduced by the transition from 
the trilacunar to the unilacunar condition 
in the leaves and bracts of Hieracıum 
described by Philipson ( 1948a ). 

In two papers dealing with the anatomy 
of the corolla in the Compositae, Koch 
(1930) points out some resemblances 
between the venation of the Composite 
florets and that of the corolla of other 
families, e.g. the Rubiaceae and parti- 
cularly the Calyceraceae. However, in 
conclusion, she states that the evidence 
is negative, since similar reductions of 
the corolla have been effected in many 
groups, and the features of resemblance 
are merely those “ fundamental to all 
gamopetalous families ”. It is interesting 
that Grelot (1897) after examining the 
vascular systems in a great number of 
gamopetalous species ( but not including 
the Compositae ) wrote: “ As regards the 
taxonomic value to be placed on the 
vascular system of the flower, although 
my researches were not especially directed 
to that end, everything points to its value 
being of little importance...” It is 
true that Grelot’s opinions have been the 
subject of much criticism recently by 
those who regard the vascular system of 
plants as more conservative than the other 
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tissues, but a reading of his careful des- 
criptions discloses that the course of the 
vascular bundles is as variable as the 
external morphology. À 

As a result of a study of the develop- 
ment of the vascular bundles of the capi- 
tulum in the Compositae and the Dip- 
sacaceae, Lanessan (1878) contrasted 
these two families. He considered that 
the staminal traces of the Compositae 
originate at the base of the connective 
whence they form upwards and down- 
wards to unite with the corolla traces. 
The four stylar traces form from above 
downwards and unite with the stamen- 
corolla traces. In the Dipsacaceae on 
the other hand the development of all 
traces is from below upwards. As his 
description of the course of development 
in the Compositae has been shown to be 
incorrect by more modern investigations, 
his views on the relationships of the 
Compositae must be disregarded. 

Characters derived from the develop- 
ment of the sex-cells and the embryo have 
also been used to indicate the affinities 
of the Compositae. The literature relat- 
ing to the development of the sex-cells 
in the Compositae is reviewed by Diettert 
(1938). Podubnaja-Arnoldi ( 1933 ) con- 
siders that the close resemblance between 
the development of the male gameto- 
phyte in the Dipsacaceae and other Rubia- 
lian families, the Umbelliferae, the Com- 
positae, and the Campanulaceae, demons- 
trates the affinity of all these families. 
While this suggests that the gamopetalous 
families with an inferior ovary form a 
natural group it does nothing to reveal 
the immediate affinities of the Compositae. 
The same may be said of the early devel- 
opment of the inferior ovary which 
Coulter (1885) suggested might form a 
useful character for the division of the 
Dicotyledons. 

Small ( 1919 ) remarks: ‘‘ In connection 
with the origin of the Compositae from 
the Lobelioideae it is interesting to note 
that an antipodal haustorium is recorded 
in Campanula americana, C. rotundifolia, 
and Lobelia inflata, and that most of the 
Compositae develop micropylar or chalazal 
haustoria or both. Another point of 
similarity is that in both families the 
epithelium of the integument is conspi- 
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cuous, always in Compositae, sometimes 
in the Campanulaceae.’’ Reference to 
the authorities cited by Small in support 
of this statement (particularly Coulter 
and Chamberlain (1903) and Balicka- 
Iwanowska (1899) ) discloses, however, 
that the occurrence of haustoria similar 
to those found in the Compositae is not 
limited to the Campanulaceae. Indeed, 
haustoria are frequent in the Rubiaceae, 
and are also recorded for the Dipsaca- 
ceae. The work of Doll ( 1927) suggests 
that the presence of haustoria is typical 
in the Dipsacaceae, and in addition shows 
that the epithelium of the integument is 
as conspicuous in that family as in many 
Compositae. Doll also investigated the 
endosperm formation in both families and 
concluded: ‘ As far as the systematic 
value of the endosperm formation is con- 
cerned, I should like to identify myself 
with Samuelson’s view, which is that the 
type of the endosperm is a systematic 
factor whose significance is about as great 
as, for example, the free or united corolla, 
the number of the integuments, the struc- 
ture of the nucellus, the characters of the 
embryo-sac, whose significance no one 
denies, although they change considerably 
in certain family circles and also in un- 
doubtedly closely related types. It needs 
scarcely to be added that the complete 
morphology of the plant must be taken 
into account. From the points of view 
considered, the Dipsacaceae may be inter- 
preted as a parallel of the Compositae. 
“A close relationship between the Dip- 
sacaceae and the Compositae’”, as Balicka- 
Iwanowska puts it, appears unjustified in 
spite of the great conformity in the embryo- 
sac, and also of the great similarity of 
many Dipsacaceae genera (e.g. Dipsacus, 
Cephalaria and others) with Compositae 
as regards the similar construction of 
their inflorescences and the similar for- 
mation of their calices and fruits. The 
resemblances mentioned are more likely 
to be due to convergence, as is found in 
other groups of plants.” 

The presence of inulin in the Campa- 
nulaceae as well as in many Compositae 
may indicate their close relationship, but 
it should be borne in mind that inulin 
occurs sporadically in a number of Di- 
cotyledonous families. 
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The immunilogical reactions of plants 
have been used by Mez and his school to 
indicate the affinities of plant groups. 
Mez and Ziegenspecke ( 1926 ) summarize 
their work by means of a phylogenetic 
“tree”. The Compositae are shown at 
the summit of the main trunk of this tree, 
and immediately below them stand the 
Campanulaceae. The Dipsacaceae and 
Rubiaceae form the end twigs of a lateral 
branch which also bears the Contortae 
and the Bicarpelatae. 

Kirchner ( 1897) studied the flower of 
the Campanulaceae as a living organ with 
the function of securing pollination. He 
was greatly impressed with the essential 
similarity between the biology of the 
Campanulaceous and the Composite 
flower: ‘ As all the Campanulaceae, the 
Compositae show strongly marked pro- 
tandry, and their pollen is offered to insects 
in the same manner on the outsides of the 
styles; likewise the progress to the possi- 
bility of spontaneous self-pollination by 
a curving of the pollen-bearing part of 
the style is very frequent in both families. 
The association of numerous small flowers 
found in Phyteuma and Jasione, which 
they share with the Compositae along with 
the general accessability of the nectar and 
the free projection of the sex-organs; the 
cohesion of the anthers into a tube sur- 
rounding the style is suggested in Jasione 
and accomplished by Symphyandra; the 
tubular shape of the lower part of the 
corolla in which the nectar ascends, so 
common in the Compositae, is also shown 

. by Trachelium, and the same collar around 
the base of the style secretes the nectar 
in Adenophora.” This weight of evidence 
is impressive, but although the pollen- 
presentation mechanism of the Compo- 
sitae is so closely paralleled in the Campa- 
nulaceae, interesting differences of detail 
occur. Thus Barnes (1885) describes 
how the sweeping hairs of Campanula 
retract into pits after they have swept up 
the pollen, the grains thus freed no doubt 
being more readily taken up by insects. 
I am not aware that retractile stylar hairs 
of this type have been described from the 
Compositae. 

Small ( 1919 ) accepts Kirchner’s views, 
and supports them with a great deal of 
additional evidence, not all of which, as 


PHILIPSON — THE RELATIONSHIPS OF THE COMPOSITAE 


395 


we have seen, was critically examined. 
Small was so impressed by this evidence 
that he graphically described the process 
of evolution from the Lobelioideae to 
Senecio as he imagined it taking place in 
the Andes. 

The type of evidence used by Kirchner 
is certainly attractive. Wernham ( 1912) 
also emphasized the biological resem- 
blances between the Campanulaceae and 
the Compositae, and evoked some quite 
original supporting evidence. The in- 
florescence has been regarded as one of 
the closest links between the Dipsacaceae 
and the Compositae, but Wernham sug- 
gests that the capitulum has had a 
distinct origin in the two groups. In 
his own words: “ Second to the pollen- 
presentation mechanism ( which is con- 
sidered as the first characteristic of the 
Campanulatae ) is one which we have met 
in the Rubiales and their ancestors, the 
tendency to aggregation of florets; but in 
Campanulatae it plays a much more ex- 
tensive part. The method by which the 
aggregation is attained is, moreover, not 
the same in the two cohorts; thus the 
heads of the Dipsacaceae are the outcome 
of cymose branching, while those of Com- 
positae are essentially racemose. The 
importance of this distinction is seen in 
the less advanced types of inflorescence in 
the respective groups; in other words the 
distinction expresses itself in- the differ- 
ence between the two stocks, campanal 
and rubialian. In the latter the inflores- 
cence unit is conceived as being charac- 
teristically a cymose umbel; in the former 
the flowers would be arranged typically 
in a simple raceme, as occurs in many 
Campanulaceae. The essence of cymose 
branching is the discouragement, so to 
express it, of single vertically elongated 
axes, and so the flowers readily tend to 
be brought to one horizontal level; in the 
racemose branching the reverse is the 
case. As a result we are furnished with 
a fundamental criterion between the 
campanal and rubialian stocks, and so 
the critical character of syngenesis of 
anthers in the former receives a measure 
of substantiation. In any case the um- 
bellate type of inflorescence familiar, e.g. 
in Cornel, Ivy, Elder, Valerian, etc. — 
all belonging to families relatively near 
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to their respective stocks rarely occurs 
in the family which includes the Harebell 
and Lobelia.” 


The Form of the Inflorescence in the 
Rubiales and Campanulatae 


In this paper the morphology and onto- 
geny of the inflorescence in the Compo- 
sitae and neighbouring families is examın- 
ed in an attempt to test the validity of 
Wernham’s opinion, which may be briefly 
stated as follows: the Rubiaceae, Capri- 
foliaceae, Valerianaceae and Dipsacaceae 
are characterized by an ‘ umbelliform’ 
inflorescence in which cymose branching 
tends to bring the flowers to one common 
level, whereas the Campanulaceae, Caly- 
ceraceae, Goodeniaceae, Stylidiaceae and 
Compositae show a racemose type of 
branching. In the first place the range 
of form found in the inflorescences in 
each of these families will be described, 
and secondly the evidence provided by 
the development of the inflorescences 
of several of these families will be dis- 
cussed. 

For so large a family the Rubiaceae 
shows only a moderate degree of variation 
in its inflorescences. The flowers of most 
species are arranged in dichasia or multi- 
ples of dichasia, these being disposed 
either in the leaf-axils (as in Coffea) or 
in terminal clusters (as in /xia). In 
either case the dichasia may be reduced 
so that solitary axillary or terminal flowers 
occur. Although the majority of the 
species possess more or less diffuse in- 
florescences, in several affinities some have 
inflorescences compacted into fascicles. 
For example, the Galioid genus Relbunium 
has axillary fascicles. In Pomax the 
association of neighbouring flowers is so 
close that one ovary and one calyx serves 
two or three corollas, each with its own 
stamens and style. It is usual for these 
compact inflorescences to retain, in abbre- 
viated form, the dichasial branching 
typical of related genera. Stipularia, for 
example, has lateral “ heads ”, but when 
the surrounding bracts are removed short 
pedicels are revealed. However, in the 
Naucleae, in Morinda and Appunia, and 
in Shradera and neighbouring genera, the 
flowers are sessile on a club-shaped recep- 
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tacle, or even fuse with one another to 
form a consolidated body with sunken 
ovaries. 

Whenever the inflorescences become 
lax the ultimate branches may form 
monochasia, a feature which is very 
strongly developed in Greenia and Hamelia. 
In the Galioid genus Vaillantia the in- 
florescence consists of axillary monochasia. 

In all the above inflorescences the 
termination of successive orders of 
branches by flowers is either evident or, 
as in the capitate inflorescences, can be 
readily derived; for in groups in which 
capitate inflorescences occur only sporadi- 
cally (that is, excluding the Naucleae ) 
series leading from cymosely branched 
inflorescences to sessile flowers in heads 
can be constructed. There is a small 
number of genera in the Rubiaceae, how- 
ever, in which the inflorescence shows an 
indefinite extension of the primary axis. 
The genus Paederia suggests how such an 
inflorescence might have been evolved. 
As has been stated a form of inflorescence 
common in the family is the cymose 
cluster arising from the axils of the foliage 
leaves. If these clusters occur at the 
ends of the branches and the leaves are 
replaced by bracts a terminal “ panicle ” 
will result. This is the type of inflores- 
cence found in Paederia, in which a main 
axis bears opposite cymose clusters. The 
genus Pertiera comprises several species, 
whose inflorescences all possess a strong 
central axis bearing lateral cymose clus- 
ters, sometimes closely branched in a 
dichasial manner, sometimes in the form 
of long monochasia, sometimes reduced 
to a single flower, but even then showing 
an approach to the condition in Paederia 
by the presence of bracteoles with un- 
developed flower-buds. The tendency for 
the reduction of the lateral clusters to 
single flowers, together with the indefinite 
elongation of the main axis reaches its 
most complete expression, by a curious 
coincidence, in a genus (Cowiea) des- 
cribed from Mount Kinabalu by Wernham 
himself. The peculiar West Indian mari- 
time shrub, Strumpfia, bears its flowers in 
short lateral racemes, which are no doubt 
to be accounted for by the failure to 
develop of the buds in the axils of the 
bracteoles. 
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To summarize the forms of inflorescence 
found in the Rubiaceae it may be said 
that cymosely branched clusters are 
general in the family, and that even in 
compacted inflorescences this branching 
tends to persist. In inflorescences in 
which internodal extension is checked, 
cymose branching usually remains discern- 
ible, but in extreme cases is suppressed. 
In the few genera in which the flowering 
clusters are borne on a common rhachis, 
these lateral clusters are often reduced 
in size by the failure to develop of the 
buds of higher orders. By this means 
approximate, or actual, recemose spikes 
are produced, but it is to be noted how 
persistent is the tendency for these lateral 
clusters to subdivide, even when the 
development of the main inflorescence 
axis is indefinite. 

The forms of inflorescence found in the 
Caprifoliaceae closely parallel those of 
the Rubiaceae. The most general type 
of inflorescence is built up of dichasia, the 
clusters usually being borne in the leaf- 
axils, though they may be crowded at the 
ends of branches, when the suppression 
of the leaves results in a “panicle” 
(Leycesteria). The clusters may be com- 
pacted into a head, as in Lonicera Peri- 
clymenum L., but even in such an inflores- 
cence the underlying dichasial branching 
is discernible. Racemose inflorescences 
_ resembling those of the Rubiaceae are 
found in the Snowberry ( Symphoricar pos ) 
and arise by the failure to develop of the 
buds of the bracteoles. In many of these 
. Tacemes this suppression of the secondary 
branching is only imperfect. 

As in the Rubiaceae, the Caprifoliaceae 
appear to be characterized by the reten- 
tion of cymose branching even in compact- 
ed inflorescences. 

The Valerianaceae are characterized by 
inflorescences built up of axillary clusters 
of flowers which are disposed in dichasia 
or dichotomies. Two modifications of 
this typical arrangement can be recog- 
nized. By the partial suppression of 
internodes they may be compacted into 
a capitate inflorescence in which the 
underlying dichasial arrangement remains 
discernible (Plectris,  Nardostachys ). 
Secondly, in a South American section of 
the genus Valeriana (sect. Phyllactis ) 
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the lateral clusters become reduced and 
compacted, though still cymosely branch- 
ed. Both these tendencies are carried 
further in the related Dipsacaceae. In 
Morina the flowers are arranged in com- 
pact lateral clusters borne on an indefinite 
central axis, a construction closely resem- 
bling the inflorescence of the Labiatae, 
but clearly conforming to the type of in- 
florescence found in the Rubiaceae, Capri- 
foliaceae and Valerianaceae. The capi- 
tate inflorescences of the Dipsacaceae 
clearly represent the end product of the 
tendency for the suppression of the inter- 


‘nodes seen so clearly in the three families 


already considered. None of the genera 
with capitula give any indication of an 
underlying dichasial branching, although 
the monotypic genus 777 plostegia possesses 
the dichasial inflorescence so typical of 
the Valerianaceae, without, in its turn, 
showing any tendency toward compression 
into a capitulum. Abnormal inflorescences 
of Dipsacus are known in which the 
florets are replaced by dichasia ( Mauds- 
ley, 1946). 

In the families so far considered the 
leaves are opposite or verticillate, excep- 
tions being Didymochlamys, a monotypic 
genus of the Rubiaceae from Colombia, 
the Caprifoliaceous genus Alseuosmia (New 
Zealand ), and the young shoots of Vale- 
viana officinalis L. The bracteoles, like 
the leaves, are opposite in these families, 
and it is for that reason that the dichasium 
is so frequent in their inflorescences. In 
the families now to be considered opposite 
leaves and bracts, though by no means 
rare, are not characteristic, and one result 
is that their inflorescences less frequently 
display dichasial branching. 

The plasticity of the inflorescence in the 
Campanulaceae has attracted the atten- 
tion of botanists, and in view of the 
accounts already published ( Parkin, 1914; 
Goebel, 1900 ) it will be sufficient for the 
present purpose to record that cymose 
branching occurs, e.g. in Canaria campa- 
nula Lam. Campanula erinus L. and C. 
carpathica Jacqu. In these species the 
number of secondary flowering branches 
borne by the primary axis is small, and 
the anthesis of the terminal flower is 
noticeably in advance of the lateral. In 
most species of Campanula (e.g. the 
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Harebell, C. rotundifolia L.) the number 
of lateral branches is much greater and 
the precocity of the terminal flower is less 
marked. The development of an inflo- 
rescence of this type was described by 
Philipson (1948b). As the authors refer- 
red to above have pointed out, there is 
a tendency within the family for the 
flower buds in the axils of the bracts of 
the secondary axes to be suppressed, 
resulting in raceme-like inflorescences, or 
if the bracts of the secondary axes sub- 
tend flowers these tertiary axes are devoid 
of flowers so that the branches resemble 
racemes, the inflorescence as a whole being 
a raceme of racemes (e.g. Dialpetalum, 
Nemocladus ) (Fig. A). Finally, as in 
many Lobelias, true racemes occur, in 
which the flowers often lack bracteoles. 
In Sphenoclea the flowers are sessile, and 
the inflorescence a racemose spike. In 
Merciera the flowers are solitary in the 
axils of the foliage leaves; after producing 
a zone of flowers the axis continues as a 
vegetative stem (intercalary inflores- 
cence). A second tendency within the 
family is towards arrest of internodes of 
the primary axis, leading to fascicled in- 
florescences, culminating in the capitula 
of Jasione. 

As all the species of Jasione possess 
capitula, it is not possible to arrange a 
series to indicate the possible course of 
their condensation. In the genus Campa- 
nula, however, it seems probable that the 
suppression of tertiary flowers proceeds 
suppression of internodes. In other words 
a terminal group of flowers such as is 
found in C. glomerata L. represents a fore- 
shortened raceme. 

It might be useful to state at this stage 
that the investigation of the inflorescences 
in these families has broadly supported 
Wernham’s view. Wernham professed 
to deal only with broad tendencies and 
there can be no doubt that in the Rubia- 
han families the cymosely branched 
cluster with poorly developed central 
rhachis is typical, whereas in the Campa- 
nulaceae the characteristic inflorescence is 
an elongated rhachis bearing numerous 
branches, the branches either failing to 
branch or in turn branching frequently. 
In Parkin’s phraseology, the difference 
might be expressed as follows: that in 


the Rubialian group the tendency is to- 
wards repeated dichasia, whereas in the 
Campanulaceae it is towards pleiochasia, 
either branched or simple. 

With regard to the problem more parti- 
cularly in mind in the present work, the 
examination has led to agreement with 
Wernham in regarding the capitulum of 
the Dipsacaceae as a compacted cymose 
inflorescence, and of Jasione as a compact- 
ed raceme. The remaining families of the 
Campanulatae will now be examined. 

The inflorescences of the Goodeniaceae 
run parallel with those of the Campanula- 
ceae. Velleia has inflorescences which 
are characteristically composed of perfect 
dichasia, perhaps passing to monochasia 
in the ultimate branches. An interesting 
form of branching is found in V. connata 
F. Muell., in which only one branch of 
each dichasium, alternately to right and 
left, branches further. The result is a 
monopodium with, apparently, two flowers 
present in the axil of one of each pair of 
bracts, of which only the lower possess 
bracteoles ( Fig. B). These cymose forms 
of inflorescence are developed more fully 
than in the Campanulaceae, but the in- 
florescences of the central genus, Goodenia, 
are very similar to these of Campanula. 
That is to say, the central axis is strongly 
developed, bearing many bracts in whose 
axils many secondary flowering axes arise. 
The bracteoles on these axes are charac- 
teristically strictly opposite, so that the 
tertiary branches frequently form dichasia. 
True racemes occur, and the flowers are 
not infrequently disposed in the axils of 
foliage leaves, and may be intercalary. 
The genus Scaevola comprises inflorescences 
showing every gradation between axillary 
cymose clusters and a terminal panicle, 
very much as in the Rubiaceae and Capri- 
foliaceae, but the tendency to contact 
this panicle into a raceme is much more 
advanced than in those families. Dam- 
piera shows a similar series of inflores- 
cences, with a further tendency for the 
raceme to be contracted into a capitate 
inflorescence. In D. wellsiana F. Muell. 
and D. eriocephala De Vriese the heads 
are surrounded by an involucre of bracts, 
but close inspection shows that the flowers 
are borne on a short central rhachis rather 
than a receptacle. 
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Fics. A-F— A, plant of Nemocladus vamosissimus Nutt. with raceme-like pleiochasia, 
B, diagram of asymmetrical dichasia of Velleia connata F. Mull. C, dichasium from capitulum 
of Brunonia australis Sm. D, cymose inflorescence of Stylidium utriculoides Benth. E, sym- 
podial monochasium of Séyhidium alsinoides R. Br. F, three cymes of Stylidium schoenoides DC. 
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The genus Brunonia, which has been 
given the status of a monotypic family, 
has the habit of these last two species of 
Dampiera. On close inspection, however, 
its inflorescence is found to be totally 
different. It is capitate but each bract 
of the involucre subtends a dichasially 
branched group of flowers (Fig. C), so 
that the whole head resembles the com- 
pacted corymbs so frequent in the Rubia- 
ceae and the Valerianaceae. When the 
relationships of this plant come to be 
examined critically, it may well be found 
to be out of place in the Campanulatae, 
a possibility strengthened by the superior 
ovary, elsewhere so rare in this affinity. 

The Stylidiaceae contains a few small 
genera in which the inflorescence consists 
either of a solitary terminal flower ( Dona- 
tia, Phyllachne, Oreostylidium ) or perfect 
racemes, in which the flowers are devoid 
of bracteoles ( Levenhookia ). These race- 
mes are frequently branched below, when 
the branches themselves are racemose 
(compare with the Campanulaceae ). The 
principal interest of the family lies in the 
extreme variability of the inflorescence in 
the principal genus, Stylidium. A few 
species occur with perfect cymose inflores- 
cences (e.g. S. streptocarpum Sond. and 
S. divaricatum Sond. in which the branch- 
ing is mainly dichasial, and S. uliginosum 
Swartz and S. utriculoides Benth. ( Fig. D ) 
in which the branching is at first dichasial 
or pleiochasial but subsequently mono- 
chasial. In S. alsinoides R. Br. (Fig. E ) 
the leaves, at least in the flowering region, 
are opposite, and one flower is borne at 
each node, alternately to right and left. 
Mildbraed ( 1908 ) interprets this inflores- 
cence as a series of monochasial ramifica- 
tions by which a sympodium is built up. 
In S. brachyphyllum Sond. a candellebra- 
like inflorescence is built up by repeated 
dichasia of which the central flower is 
aborted. These cymose inflorescences 
often become pleiochasia so that panicles 
are formed in which the main axis is still 
terminated by a flower and the lateral 
branches remaining copiously branched 
(S. uliginosum Swartz). Such an in- 
florescence readily becomes racemose by 
the apex of the main axis becoming in- 
definite in its growth; at the same time 
the lateral branches become restricted in 


PHYTOMORPHOLOGY 


[ December 


growth (S. debile F. Muell. and S. canali- 
culatum Lindl. have variable inflorescences 
which show all stages in the transition 
from cymose to racemose branching ). 
The majority of the species have racemose 
inflorescences with a well-developed cen- 
tral rhachis, the lateral branches fre- 
quently being reduced to single flowers 
(e.g. S. luteum R. Br.) though when 
branching occurs it is usually cymose, 
often with perfect dichasia (e.g. S. elon- 
gatum Benth.) or monochasia (e.g. S. 
laricifolium L.C. Rich.). 

In a few species the central rhachis is 
compacted so that umbels or heads are 
formed. Three inflorescences of S. schoe- 
noides DC. are shown in Fig. F showing 
clearly the cymose nature of its umbels. 
The umbels of S. repens R. Br. are pro- 
bably also of this nature, and the species 
in which capitate inflorescences occur 
( S. guttatum R. Br. and S. crossocephalum 
F. Muell.) may be interpreted as con- 
densed pleiochasia because their flowers 
open in basipetal sequence. As examples 
from this family have shown, the distinc- 
tion between a pleiochasium and a raceme 
is slight and some species are in a state of 
unstable balance between the two types 
of inflorescence. It is, therefore, inad- 
visable to stress the difference between 
these capitula and those of the Campa- 
nulaceae and the Compositae (in which 
anthesis is acropetal). It is perhaps im- 
portant, however, to note that these capi- 
tula are associated with inflorescences 
whose secondary branches are undivided. 
As we have already seen this feature is 
shared by the Campanulaceae and the 
Goodeniaceae families in which the majo- 
rity of species possess inflorescences with 
a well-developed central rhachis, and is 
in contrast with the Rubialian families 
in which the cymose side-branching is 
retained even in quite densely compacted 
inflorescences, only being lost when capi- 
tula are achieved. 

The flowers of the small South American 
family, the Calyceraceae, are arranged 
in well-defined heads provided with an 
involucre. Though always placed next 
to the Compositae it is doubtful whether 
any close relationship exists between the 
two families. The pendulous ovule with 
the embryo embedded in endosperm is 
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probably in itself sufficient to discount 
close relationship with the Compositae. 
The heads are either terminal or arranged 
cymosely, the head which terminates the 
principal axis maturing first. 

The capitulum is also constant in the 
Compositae, so that no direct evidence 
can be obtained by comparison within 
the family of the nature of the inflores- 
cence from which the capitulum might 
have been derived. Troll (1928) lays 
greater stress on the act of flowering than 
on the morphological nature of the repro- 
ductive structures, and illustrates his 
thesis with examples drawn from the 
Compositae. The resemblance between 
their capitula (which Troll calls pseud- 
anthia ) and the individual flowers of other 
families is more than superficial, for not 
only do the involucre and ray-florets ( or 
occasionally the inner involucral bracts ) 
resemble the calyx and corolla respec- 
tively in a general way, but frequently 
show a similar cyclic arrangement with 
similar merism and alternation of mem- 
bers. Moreover, the ray-florets (or petaloid 
bracts) show colour patterns similar to 
those of single petals. It has long been 
recognized that biologically the capitulum 
is the equivalent of a flower; that being 
so it may be instructive to examine those 
Compositae in which the capitula are 
aggregated into secondary heads, so that 
the process of condensation may be under- 
stood. 

The arrangement of the heads in those 
Compositae which possess compound in- 
.florescences is invariably cymose, in the 
sense that the head terminating the 
primary axis matures first followed in a 
basipetal sequence by the heads terminat- 
ing the lateral axes ( compare the descrip- 
tions of the development of Hieracium and 
Dahlia given by Philipson, 1948a ). This 
feature is so inherent in the family that 
even when long narrow spicate inflores- 
cences are produced, as in Liatris, the 
order of flowering is strictly basipetal, and 
for this reason the “ spike ’’ is perhaps 
better regarded as a pleiochasium than a 
raceme. This character is retained when 
the capitula are aggregated into secondary 
heads, a subject on which I quote Bentham 
(1873) whose knowledge of the Com- 
positae has probably never been equalled: 
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“ In these cases numerous capitula, closely 
sessile on acommon receptacle, are collect- 
ed into a globular, oblong, or depressed 
cluster often surrounded by a common 
involucre, the whole assuming the appear- 
ance of flower-head. This is more es- 
pecially the case when each individual 
head is reduced to a single floret with two, 
three, or very few involucral bracts. 
Such compound clusters have been some- 
times confounded with single flower-heads 
like those of Albertinia, where the very 
deep fringed alveoli of the receptacle 
resemble the separate involucres of the 
compound cluster. In such cases the 
difference between the centripetal in- 
florescence of Albertinia and the centri- 
fugal one of Eromanthus has been well 
pointed out by Schultz Bipontinus.”’ As 
Troll has pointed out there is an exception 
to this generalization. The compound 
heads ( pseudocephalia ) of Myriocephalus 
gracilis Benth., in which each true capi- 
tulum is one-flowered with two bracts, 
and the sequence of flowering is centri- 
petal as in normal capitula. It is of 
interest that species with secondary capi- 
tula are frequently associated with related 
species in which the primary heads are 
congested, but not united. The branch- 
ing of these congested inflorescences is 
cymose, the whole resembling a dense 
corymb, and not at all similar to the con- 
gested flower groups of the Campanula- 
ceae. On the other hand, the arrangement 
of the capitula in Jasione is exactly as in 
the Compositae, the main axis ending in 
a capitulum, below which secondary axes 
arise which also end in capitula, the whole 
forming a much-branched pleiochasium. 
In summary of this review of the flower 
arrangements in the Rubiales and Cam- 
panulatae it may be said that the contrast 
emphasized by Wernham between the 
flat inflorescence of the Rubiales, in which 
branching of the second, third and higher 
orders is accentuated, and the elongated 
inflorescence of the Campanulatae, in 
which indefinite elongation of the primary 
axis is often achieved, is justified if a broad 
view of the two groups is taken. Never- 
theless, any form of inflorescence found 
within either group can be matched in its 
principal features by one from the other. 
The difference between the two groups is 
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one of emphasis, and whereas it is fairly 
clear that on comparative morphological 
grounds the capitulum of the Dipsacaceae 
is to be associated with cymosely branched 
corymbs, the relationships of the Com- 
posite capitulum is not so clear. 

In order to gain a clearer insight into the 
morphology of the capitulum in the two 
families and its relation to that of other 
inflorescences in related families, a series 
of developmental studies was undertaken. 


The Evidence of Ontogeny 


If no more is meant by a capitulum 
than an aggregation of sessile flowers on 
a short receptacle, any relationship based 
on the presence of this character alone is 
not likely to be well founded. Schleiden 
( 1849 ) has pointed out that most inflores- 
cences pass through a capitulate stage 
in their development. The suggested 
relationship between the Compositae and 
the Dipsacaceae rests almost entirely on 
the occurrence of the capitulum in the 
two families. Unless there is more than 
a general resemblance between the capi- 
tula, or unless other characters are found 
in common, the relationship cannot be 
regarded as established. 

Descriptions of the development of the 
capitulum of various Composites have 
been published ( Bellis, Philipson, 1946; 
Hieracium and Dahlia, Philipson, 1948a; 
Galinsoga, Bellis, Chrysanthemum and Arno- 
seris, Lawalrée, 1948; Chrysanthemum, 
Popham & Chan, 1952) and of Dipsa- 
caceae ( Succisa and Dipsacus, Philipson, 
1947a ). Similar studies of the inflores- 
cence of the. Valerianaceae and Campa- 
nulaceae have also appeared ( Philipson, 
1947b, 1948b ). 

Many similarities in the development 
of all the capitula reported in these papers 
are evident. In each the meristematic 
zones found at the apex of the vegetative 
shoot are replaced by a dome-shaped 
meristematic mantle enclosing a paren- 
chymatous core. From this mantle there 
arise the involucral bracts, the florets 
and the floral bracts, if present. The 
central tissue of the receptacle grows by 
the division and enlargement of its cells, 
but to these more cells are added by the 
vacuolation of the inner cells of the mantle. 
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The provascular strands of the bracts and 
florets form from the inner layers of the 
mantle and become defined by the matura- 
tion of the cortical cells. These resem- 
blances are very close, but it is suggested 
that they need not imply any close homo- 
logy between the two inflorescences. It 
seems probable that all the features 
referred to above are fundamental to the 
growth of structures similar to these 
capitula, and that they cannot therefore 
be employed as evidence of affinity. For 
example, all the features enumerated 
above are found in the developing torus 
of Ranunculus (Grégoire, 1938) if peri- 
anth be substituted for .involucre and 
floral organs for florets and their bracts. 
The mutual possession of these characters 
need not, therefore, imply relationship. 
Moreover, the manner in which the pro- 
vascular strands develop has been shown 
( Philipson, 1948a; Text-fig. 4) to differ 
in no fundamental way from the formation 
of the traces of foliage leaves. 

The features so far considered underly 
the development of most types of in- 
florescence; they are so strikingly similar 
in the capitula considered because the 
general form of the inflorescence in each 
remains approximately the same up to 
maturity. Any comparison of their onto- 
geny, to be of value in assessing relation- 
ship, must therefore take account of the 
details of structure superimposed on these 
fundamental resemblances. Search has 
been made for such features, but with 
very small success. The photographs of 
the development of the floret and floral 
bract in Dipsacus and Dahlia ( Philipson, 
1947a, Pl. I, Figs. 10-12; 1948a, Pl. II, 
Figs. 9, 10 ) show how extremely alike the 
course of development is even in details, 
and suggests that any differences are un- 
likely to be striking. In point of fact the 
differences recognized have been three in 
number: (i) The involucral bracts of the 
Compositae lack any meristematic tissue 
in their axils, whereas those of the Dip- 
sacaceae subtend floral primordia. Even 
in Composites in which each floret is sub- 
tended by a bract there are no meristems 
in the axils of the involucre. That is to 
say, for a brief period in the growth of the 
axis no part of the apical meristem be- 
comes detached as the primordium of a 
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lateral bud. Both before, when foliage 
is being formed, and after, when the 
receptacular scales are appearing, axillary 
buds are formed. (ii) The secondary axes 
of the Composite capitulum bear no 
bracteoles or other extra floral organs, 
but become transformed into a single 
flower, whereas those of the Dipsacaceae 
bear an “ outer calyx ” below the flowers. 
(iii) The trace to the florets of the Com- 
positae examined consists of a single 
vascular strand, whereas that of the Dip- 
sacaceae consists of a medulated stele. 

It is considered that these three dif- 
ferences are sufficient to warrant the con- 
clusion that the capitulum of the Com- 
positae is of a different nature from that of 
the Dipsacaceae. The principal link be- 
tween the two families is thus broken. On 
the other hand, the capitula of Jasione 
approach those of the Compositae very 
closely: they agree as regards the second 
and third items in the previous paragraph, 
and since the flowers subtended by the 
involucral bracts are often aborted they 
approach the Compositae as regards the 
first item also. 
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It may be concluded, therefore, that 
the Compositae bear no close relationship 
to the Dipsacaceae, and that their asso- 
ciation with the Campanulatae by most 
modern authors is correct. 


Summary 


Evidence drawn from external and in- 
ternal morphology which bears on the 
relationships of the Compositae is examin- 
ed. The opinion of Wernham that the 
Rubiaceae, Caprifoliaceae, Valerianaceae 
and Dipsacaceae are characterized by an 
“ umbelliform ’ inflorescence, whereas the 
Campanulaceae, Calyceraceae, Goodenia- 
ceae, Stylidiaceae and Compositae show 
a racemose type of branching is tested by 
an examination of the form of the inflores- 
cence in these families, and by a detailed 
comparison of the development of the 
capitulum in the two groups. It is con- 
cluded that the capitulum of the Com- 
positae is of a different nature from that 
of the Dipsacaceae and that these families 
are not closely related. 
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OBSERVATIONS ON THE CYRILLACEAE PARTICULARLY 
ONZIHE REPRODUCTIVE STRUCTURES OF THE 
NORTH AMERICAN SPECIES 


HERBERT F. COPELAND 
Sacramento Junior College, Sacramento, California 


The family Cyrillaceae (Lindley) Gilg in 
Engler and Prantl’s ‘ Nat. Pflanzenfam.”’, 
III. Teil, Abt. 5: 179 (1892) comprises 
three known genera, Cyrilla, Cliftonia 
and Purdiaea, with some two dozen known 
species, mostly of the island of Cuba. 
There are two species in the south-eastern 
United States and several in South 
America. 

Jussieu (1789) included Cyrilla, the 
only genus known at the time, in order 
Ericae. Torrey and Gray (1838) dis- 
cussed Cyrilla and Cliftoma under Celas- 
traceae, to which Lindley had assigned 
them, and concluded that they were mis- 
placed, and belong to Ericaceae. Plan- 
chon (1846), describing Purdiaea, found 
that this genus, and Cyrilla and Cliftonia, 
belong to Ericaceae; he noted resem- 
blances which appear to connect them 
also to Saurama, Stachyurus, Eurya and 
Clerya. 

Bentham and Hooker (1876) cited 
. Decaisne as authority for the opinion that 
their order Cyrilleae has nothing to do 
with Ericaceae, but is to be placed next 
to Ilicineae. Incidentally, they called 
Purdiaea by the later name Cosiaea 
Richard. Nearly all subsequent authors 
have followed them. As Marie-Victorin 
(1948) remarked, there is no evident 
reason for using this name; so far as one 
may learn from the standard indices, 
Purdiaea is valid. As in nomenclature, 
so in classification authors subsequent to 
Bentham and Hooker have followed them, 
associating Cyrillaceae with Aquifolia- 
ceae. These families have been placed 
in an order called Celastrales or Terebin- 
thales, or in Sapindales, sub-order Celas- 
trineae. 


Heimsch ( 1942) studied the woods of 
trees which Wettstein ( 1935 ) had placed 
in orders Terebinthales and Gruinales. 
His observations led him to the conclusion 
that most of the families to which these 
trees belong are to be arranged in two 
groups (not very nearly coincident with 
the accepted orders), but that some few 
of them have nothing to do with the others. 
Cyrillaceae is one of the latter. Heimsch 
described the wood of Cyrillaceae as of 
primitive type. The description is defi- 
nitely suggestive of the wood of Bicornes, 
i.e. Ericales. 

The observations of Heimsch, and 
the knowledge that the Cyrillaceae 
had formerly been associated with Bicor- 
nes, led me to hope to become acquaint- 
ed with this family, to the end of 
finding out whether the place given it 
in earlier classification might have been 
valid. 


Material 


Dr. Wilbur H. Duncan, of the Univer- 
sity of Georgia, had the kindness to send 
material of the two North American 
species, Cliftonia monophylla ( Lamarck ) 
Britton ex Sargent (1891) and Cyrilla 
racemiflora L. (1767). The material, 
fixed in FAA, was collected at various 
localities in Georgia during the months 
March to July 1947, and consists of 
racemes with buds ready to open, open 
flowers and developing and mature fruits 
of both species, beside year-old stems, 
with leaves, of Cliftonia. It has been 
imbedded, sectioned and stained by 
routine microtechnical methods. 
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Observations 


VEGETATIVE STRUCTURE — The Cyrilla- 
ceae are trees or shrubs with alternate 
entire exstipulate leaves. As Sinnott 
(1914) observed, the nodes are uni- 
lacunar. This has been confirmed of Clif- 
tonta. 

Leaves of Cliftonia are about 600 u thick. 
The cuticle of the upper epidermis is 
smooth; that of the lower epidermis pro- 
jects as great numbers of microscopic 
ridges. Stomata are confined to the lower 
epidermis and open at the level of its 
outer surface. The cell walls of the guard 
cells do not project as ridges into the 
stomatal passage. They bear, on the 
surface external to the leaf, ridges forming 
a rim around a shallow pit into which the 
stoma opens. There are two or three 
layers of palisade tissue, occupying about 
half of the thickness of the leaf. The 
palisade tissue is not sharply distinct from 
the spongy tissue. The vacuoles of most 
cells of both tissues contain much tannin. 
Some cells, lacking tannin, contain cons- 
picuous stellate crystals. 

GENERAL STRUCTURE OF THE REPRO- 
DUCTIVE ORGANS — The flowers are borne 
in axillary or terminal racemes on growth 
of the previous year. The pedicels stand 
in the axils of bracts. Each pedicel bears 
a pair of bracteoles. 

The small white flowers ( Figs. 1, B; 2,C) 
are regular, with parts in fives except in 
the gynoecium, the perianth and stamens 
hypogynous. 

No buds young enough to show the 
aestivation of the sepals have been seen. 
Purdiaea is described as having imbricate 
sepals; the two of which on the outside 
are much broader than the others and 
cover them. The sepals of Cliftonia and 
Cyrilla are equal scales. The petals are 
imbricate. Gilg (1892) and Gundersen 
(1950) note a tendency of the petals to 
be united at the base; the species which 
have been studied show no trace of this. 
The petals of Cyrilla are thickened in the 
median basal area. 

Cliftonia has ten stamens, the filaments 
laterally expanded below; Cyrilla has five 
stamens with slender filaments. The 
anthers are attached to the summits of 
the filaments by the middle of their dorsal 


sides. They are of quite the typical 
structure of anthers of flowering plants, 
having a ribbed endothecium and four 
pollen sacs opening through two slits ( the 
stamens of Purdiaea, or some of them, are 
said to open through terminal pores ). 
No material young enough to show the 
tapetum has been seen. The pollen grains 
are smooth, 3-grooved. Their contents 
stain heavily, and it has not been possible 
to be certain of the number of nuclei in 
the mature pollen grain; the appearance 
is that there are two. 

The pistil of Cliftonia is of two to five 
carpels; that of Cyrilla is of two carpels. 
The ovary is belted at the base by a 
slightly protruding nectary having stomata 
on the surface. Within the ovary there 
are locules, and at the summit there are 
knob-like stigmas, sessile in Cliftonza, on 
a brief style in Cyrilla, as many as the 
carpels. From the summit of each locule 
an obconic body of loosely packed elon- 
gate cells extends to the corresponding 
stigma. The broad extremity of this 
body of cells makes up the stigmatic 
surface. 

Attached at the summit of each locule 
of Cliftonia there is a single apotropous 
ovule (Fig. 1, F). From the summit of 
each locule of Cyrilla there hangs a cylin- 
drical placenta bearing one to three 
curved ovules, most of which may be 
understood as apotropous, although some 
may be epitropous (Fig. 2, E). 

As the ovary of Cyrilla develops into a 
fruit, prominent wings, as many as the 
carpels and located in their median planes, 
develop upon it (Fig. 1, J). Evidently 
it was the winged fruits which caused 
Lamarck originally to name Cliftonia 
mono phylla under Ptelea. In the available 
material, most of the ovules are abortive: 
the mature fruit may contain one seed 
or none. In Cyrilla one seed develops in 
each locule. The fruit (Fig. 2, H) may 
be described as a two-seeded caryopsis. 

VASCULAR ANATOMY OF THE RECEP- 
TACLE ( Figs. 1, C ; 2, D ) — The vascular 
cylinder in the floral receptacle emits 
whorls of five bundles, in alternating radii, 
successively to sepals, petals and sepalad 
stamens. In general, there is a gap above 
the origin of each of these bundles. One 
sepal bundle of Cliftoma was observed 


Fic. 1 — Clifionia monophylla. A, ts. leaf. x200. B, flower. x5. C, vascular system 
in the floral receptacle. X50. D, stamen. X10. E, pistil. x10. F, radial section of pistil. 
x50. G, ls. ovule. X200. H, young endosperm and embryo. X200. I, older endosperm and 
embryo. X200. J, fruit. x5. 


B, bud. x5. 


x 50. 


F, Ls. ovule, 


Fic. 2— A, Cliftonia monophylla. 
C, flower. x5. 
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Radial section of fruit. X20; 
D, vascular system in the floral receptacle. 
G, developing endosperm and embryo. x 200. 


B-H, Cyrilla racemiflora. 


X50. E, Ls. ovary. 
H, fruit. x5. 
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not to be connected to the stele, and there 
was no gap in the stele where it might 
have been connected. In Cliftoma, 
petalad stamens being present, there are 
no gaps at the origin of the petal bundles. 
The bases of the petal bundles are con- 
nected to the bases of the petalad stamen 
bundles by vertical flanges of vascular 
tissue. In spite of being thus connected 
to the petal bundles, the petalad stamen 
bundles originate at a distinctly higher 
or more distal level than the sepalad 
stamen bundles. 

Above the insertion of the sepal bundles, 
the vascular tissue forms a brief cone. 
From this cone, a dorsal bundle runs out 
to each carpel. The carpel dorsals ascend 
the ovary wall to the bases of the stigmas. 
Above the conical portion, the vascular 
tissue continues as a slender cylinder in 
the axis of the ovary. This cylinder is 
interpretable as consisting of laterally 
fused carpel ventral bundles. It ex- 
tends to the level of the attachment of 
ovules (in Chftonia) or placentae (in 
Cyrilla ), where it breaks up into branches, 
as many as the ovules or placentae res- 
pectively, and supplying them. In Cyrıilla 
two obscure bundles originate on opposite 
sides of the summit of the conical part 
of the vascular cylinder and ascend the 
ovary walls in the plane of the septa. 
Each of these is to be understood as a 
. fused pair of lateral bundles of adjacent 
carpels. 

DEVELOPMENT OF SEED — The youngest 
ovules in the material at hand are ap- 
_parently ready for fertilization ( Figs. 1, G; 
2F). They have a single massive integu- 
ment. No nucellus is present: presum- 
ably, as in ovules of other plants which are 
of the same appearance at this stage, a 
nucellus of a single layer of cells has been 
absorbed. The embryo sac is of the 
typical structure, with two synergids, an 
egg, an endosperm mother cell with a 
large nucleus presumably produced by 
fusion, and three antipodal cells. The 
latter are conspicuous, large and heavily 
staining. It has not been possible to find 
three of them in all ovules of Cyrilla. The 
inner. surface of the integument, against 
the embryo sac, forms a distinct jacket 
layer. In the chalaza of Cliftoma, there 
is regularly a globular area in which most 
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of the cells break down, while one of them 
grows and fills the space. 

Fertilization and the immediately 
following stages have not been seen. In 
the earliest stage subsequent to fertiliza- 
tion which has been seen (Fig. 1, H), the 
endosperm is of seven celis: a pair of large 
ones at the micropylar end, two pairs of 
smaller ones, and one large and darkly 
staining cell at the chalazal end. The 
zygote, becoming cylindrical but not yet 
divided, lies between the cells of the micro- 
pylar pair. The stage described has been 
seen in several ovules. It is confidently 
believed that it originates, as a stage 
exactly like it originates in plants of order 
Bicornes, from an earlier endosperm con- 
sisting of four cells in a row, produced by 
two transverse divisions of the original 
endosperm cell. 

Later ( Figs. 1, I; 2, G), one finds the 
micropylar pair of cells united, and the 
combined cell in process of becoming a 
micropylar haustorium. The chalazal cell 
is growing to become a chalazal hausto- 
rium. Whether the three nuclei seen in 
the micropylar haustorium, and the two 
in the chalazal haustorium, of Cyrilla 
( Fig. 2, G) represent a previous division 
of cells to these numbers, or merely a 
multiplication of nuclei, is unknown. The 
cells of the two middle pairs have divided 
repeatedly, producing a growing body 
of moderately large uninucleate cells. 
The zygote has produced a long and more 
or less crooked suspensor. The distal 
extremity of the suspensor, which is to 
give rise to the definitive embryo, has 
been carried to the interior of the mass 
of cells which is the middle part of the 
endosperm. 

In the apparently mature fruit of 
Chftonia (Fig. 2, A), the seed has a coni- 
cal funiculus whose interior is largely oc- 
cupied by the irregularly branched micro- 
pylar haustorium. The definitive endo- 
sperm, derived from the middle part of 
the young endosperm, has become an 
ellipsoid body which almost entirely fills 
the locule. A crushed remnant of the 
chalazal haustorium can be found in its 
chalazal end. Where the endosperm is 
against the pericarp, there is a darkly 
staining layer consisting of crushed cells. 
It is possible that this layer includes 
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remnants of the integument, but it has 
the appearance of being derived from the 
inner layers of the pericarp. The embryo 
is a cylindrical body lying in the axis of 
the endosperm and terminating in two 
small cotyledons. 

Fruits and seeds of Cyrilla are of essen- 
tially the same structure as those of 
Cliftonia; but while fruits of Cliftonia, so 
far as they have been seen, contain one 
viable seed or none, each fruit of Cyrılla 
contains regularly two viable seeds; and 
each locule contains, beside the viable 
seed, the crushed remnants of the placenta 
and the additional ovules. 

Planchon ( 1846) was not in a position 
to understand the structure of the seeds 
of Purdiaea: he described the integument 
as inseparable from the albumen. Gilg 
(1892) was able to understand that a 
seed may have no integument. 


Discussion 


Unilacunar nodes, tissues containing 
star-crystals and much tannin, 3-grooved 
pollen grains with two nuclei, regular 
flowers with parts in 5’s, the perianth 
and stamens hypogynous, the ovary belted 
at base by a nectary, unitegmous tenui- 
nucellate ovules: all these are characters 
of order Bicornes. The youngest endo- 
sperm which has been seen in Chiftonia is 
identical with an early stage of the 
endosperm of Bicornes. The produc- 
tion of haustoria from the two terminal 
quarters of the young endosperm, while 
the middle half gives rise to the proper 
endosperm of the seed, and the long sus- 
pensor which carries the primordium of 
the embryo into the interior of the de- 
finitive endosperm, are further characters 
of Bicornes. 

Bicornes, however, never have the 
typical anthers of flowering plants. As 
is well known, their anthers open typically 
through pores, and only Clethra has a 
ribbed endothecium. The petalad sta- 
mens of Bicornes arise always at a lower 
level than the sepalad stamens. As a 
minor matter, their nectaries are without 
stomata. 

Thus the Cyrillaceae are positively 
closely related to Bicornes, and are posi- 
tively not Bicornes. 
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The group which, by concensus of good 
authority, represents the ancestry of the 
Bicornes is the one represented by families 
Dilleniaceae, Theaceae, Dipterocarpaceae 
and Hypericaceae. This group is the 
sub-order Theineae of order Parietales in 
the Englerian system; construed as an 
order and named by strict priority, it is 
apparently to be called order Guttiferae 
Jussieu. It appears that family Cyrilla- 
ceae belongs to this group; or, perhaps, 
that it is an immediate offshoot from it. 

In finding that the authorities who have 
associated Cyrillaceae with Bicornes were 
correct, one does not necessarily conclude 
that those who have associated them with 
Aquifoliaceae were mistaken. The wood 
of Aquifoliaceae as known to Solereder 
(1908), and the embryogeny as known 
to Schnarf (1931), appear to show that 
this family belongs with Cyrillaceae. Con- 
cerning other families, as Pentaphyllaceae 
and Stachyuraceae, of which it has been 
suggested that they are related to Cyrilla- 
ceae, the present writer has not enough 
knowledge for an opinion. 


Summary 


The Cyrillaceae have unilacunar nodes, 
tissues containing star-crystals and much 
tannin, pistils belted at the base by nec- 
taries, tricolpate and probably binucleate 
pollen grains, unitegmous tenuinucellate 
ovules and cellular endosperms, believed 
to consist in the earlier stages of four 
cells in a row, and producing haustoria 
at both ends. The characters stated are 
characters also of the order Bicornes, 
to which the Cyrillaceae are surely closely 
related. 

The Cyrillaceae are, however, positively 
not Bicornes; their anthers are of ordinary 
flowering plant type, and their petalad 
stamens, when present, are inserted above 


the sepalad stamens. 


It is accordingly believed that the 
Cyrillaceae belong to, or are immediately 
derived from, the group of families repre- 
sented by Dilleniaceae, Theaceae, and so 
forth, from which the Bicornes are believed 
to be derived. This conclusion is not 
to present knowledge necessarily in con- 
flict with the traditional association of 
Cyrillaceae with Aquifoliaceae. 


1953] 


COPELAND — OBSERVATIONS ON THE CYRILLACEAE. 


411 


Literature Cited 


BENTHAM, G. & HookER, J. D. 
“Genera Plantarum.”’ London. 

GiLG, E. 1892. Cyrillaceae in Engler & Prantl’s 
“Die naturl. Pflanzenfam.’ III. Teil, Abt. 
5 : 179-182. 

GUNDERSEN, A. 1950. ‘‘ Families of Dicoty- 
ledons.’’ Waltham, Mass. 

HEIMSscH, C. Jr. 1942. Comparative anatomy 
of the secondary xylem in the “ Gruinales ’’ 
and “ Terebinthales’’ of Wettstein with 
reference to taxonomic grouping. De Lilloa 
8 : 83-198. 

DE Jussieu, A. L. 1789. ‘‘ Genera Plantarum 
Secundum Ordines Naturales Disposita.” 
Paris. 

LINNAEUS, C. 1767. ‘ Mantissa Plantarum 
Generum Editionis VI et Specierum Edi- 
tionis 11.’ Stockholm. 

MARIE-VICTORIN, FRERE. 1948. Nouvelles 
etudes taxonomiques sur la flore de Cuba. 
Contrib. Inst. Bot. Univ. Montreal 63 : 1-77. 


1862-1883. 


PLANCHON, J. E. 1846. Description d’un genre 
nouveau, voisin de Cliftonia, avec des obser- 
vations sur les affinités des Saurauia, des 
Sarracenia, et du Stachyurus. London J. 
Bot. 5 : 250-256. 

SARGENT, C. S. 1891-1902. ‘Silva of North 
America.” Boston and New York. 

SCHNARF, K. 1931. “ Vergleichende Embryo- 
logie der Angiospermen.”’ Berlin. 

SINNOTT, E. W. 1914. Investigations on the 
phylogeny of the angiosperms. I. The ana- 
tomy of the node as an aid in the classification 
of the angiosperms. American J. Bot. 1: 
303-322. ; 

SOLEREDER, H. 1908. ‘‘ Systematic Anatomy 
of the Dicotyledons.’’ Engl. transl. by L. A. 
Boodle and F. E. Fritsch. Oxford. 


Torrey, J. & Gray, A. 1838. “A Flora of 
North America...’ New York. 

WETISTEIN, R. 1935. “ Handbuch der eS 
matichen Botanik.’ Wien. 


STUDIES IN POLYPODIACEAE — I. CONTRIBUTIONS TO THE 
MORPHOLOGY OF DRYNARTA BORY : D. QUERCIFOLIA (L.) 
1 MEAN DEP A PROPTNOTAS(WALLOUT SM 


B. K. NAYAR & P. KACHROO 
Gauhati University, Assam, India 


Drynaria comprises about 20 species 
of epiphytic ferns distributed in the old 
world, three in Africa and the rest in 
Asia to Queensland and Tonga. The 
morphology of the genus seems to have 
attracted little attention in the past. The 
present communication is based on a 
study of D. quercifolia (L.) J. Sm. and 
D. propinqua ( Wall.) J. Sm. The former 
is distributed widely in the plains of 
Assam where it practically clothes the 
trunks and branches of trees and occa- 
sionally the surfaces of exposed brick walls 
and corners of tiled roofing. Rarely it 
is terrestrial. D. propinqua is probably 
restricted to higher elevations and has 
the same habit as D. quercifolva. 


External Morphology 


Drynaria is a large epiphyte with per- 
sistent specialized humus collecting sessile 
scale ( bract ) leaves and deciduous long- 
stalked pinnatisect normal leaves ( Figs. 
1,8). The rhizome is long, stout, creep- 
ing, fleshy, sparsely branched and grow- 
ing adpressed to the substratum by a 
more or less flattened surface. In D. 
quercifolia it is normally about 2-4 in. 
in diameter while in D. propinqua it is 
comparatively thinner and longer. It is 
densely covered with elongated lanceolate, 
dark brown paleae which have a dentate 
margin in D. quercifolia (Fig. 3) and a 
hairy one in D. propinqua (Fig. 9). They 
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Fics. 1-7 — Drynaria quercifolia. Fig. 1. Mature plant showing sori (S). x 4. 
plant; juvenile normal leaves (JNL), juvenile scale leaves (JSL), incision of margin between 
main lateral veins (X). x 4 Fig. 3. Palea from rhizome. x 4. Fig. 4. Palea from leaf. x 10. 
Fig. 5. L.S. rhizome showing growing point (GP). x }. Fig. 6. Scale leaf showing reticulate 
venation. X 4. Fig. 7a. Portion of root showing felt of root hairs, x 13; b, root hair, x 325. 


Fig. 2. Young 
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are peltate being attached to the rhizome 
by means of a very short stalk situated 
towards the broader end. They are ad- 
pressed to the rhizome and are recurved 
in the older regions. The growing point 
of the rhizome is situated in a depression 
at the apex and is densely clothed with 
paleae (Fig. 5). The rhizome bears 
leaves alternately on the surface away 
from the substratum. They are of two 


types: scale leaves and normal leaves,’ 


in the mature plant. In young plants, 
however, heterophyliy is not apparent. 
The juvenile leaves are simple, sessile or 
sub-sessile, lanceolate, entire, green and 
reticulately veined with a prominent 
midrib (Fig. 2). By gradual transitions 
these give place to the mature leaves. 
The earlier scale leaves are hardly dif- 
ferentiated from the juvenile leaves ex- 
cept for their leathery texture. When 
old they dry up but are persistent. In 
the mature plant the two types of leaves 
are never found mixed. The rhizome 
produces normal leaves in the early part 
of the growing season and the scale leaves 
in the later part. 

The scale ( bract ) leaves of the mature 
plant are sessile, cordate, with a thick 
hard midrib and lateral veins, both of 
which are more prominent on the dorsal 
surface. The venation is reticulate ( Fig. 
6) and the base is usually oblique ( Figs. 
‘1, 6, 8). The apex is sometimes forked 
rugs: 31-8). They are’ lobed mn D: 
quercifoha and deeply cut in D. propinqua. 
In the former species the margin is entire 
and in the latter it is obscurely crenate. 
In all cases they are dry, hard and per- 
sistent, clasping the rhizome by their 
base and serving for the collection of 
detritus for ultimate use as a source of 
minerals. In D. propinqua they are 
relatively thinner. Peltate paleae like 
those borne on the rhizome but smaller 
in size are scattered on both the surfaces 
of the scale leaf. In D. quercifoha the 
size of the scale leaf is about 9 x 6 in. and 
in D. propinqua about 6 x 4 in. 

The normal leaves are green, petiolate, 
deeply pinnatisect and circinate when 
young (Fig. 1). The petiole is winged. 
Shortly stalked peltate paleae are seen on 
the leaves, especially when young, in both 
species ( Fig. 4). The leaves are usually 
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about 34 X 14 in. in D. quercifolia and 
about 24 X 10 in. in D. propinqua. The 
number of the segments is variable, 
being up to 24 in the former and fewer 
in the latter. The number is odd wher- 
ever the apical dichotomy is suppressed. 
They are strictly alternate in arrange- 
ment with odd or paired segments at 
the apex. In older leaves a distinct 
articulation is seen at the base of each 
segment. During shedding the leaf seg- 
ments become detached from the persis- 
tent midrib at the articulation, leaving 
the latter naked. 

The midrib or rachis is hard, tapering 
towards the apex and grooved on the 
upper surface. It shows signs of dicho- 
tomy at the extreme tip and in some cases 
it does actually dichotomize ( Figs. 10- 
14). The lamina shows a reticulate type 
of venation, usually with free vein endings 
included in the meshes ( Fig. 16). The 
midrib and the main lateral veins are more 
prominent on the dorsal surface. The 
leaf segments have a broad base with a 
gradually tapering apex. Very rarely 
forking of the leaf segments is met with 
(Fig. 15). The margin is entire in D. 
quercifolia and obscurely crenate in D. 
propinqua. The sori when present are 
on the lower surface of normal leaves and 
are apparent on the upper surface as 
small pustule-like protrusions. The spor- 
angia are borne in circular or ovoid sori 
on either side of the main lateral veins 
of the leaf segments in D. quercifolia while 
in D. propinqua they form a single row 
on either side of the midrib of the leaf 
segments. 

Adventitious roots are given off from 
the rhizome, and are characterized by the 
presence of a thick felt of light brown, 
long, thick-walled root hairs (Figs. 7a, 
-b). They are much branched, dark 
brown in colour and arise from all sides 
of the rhizome either clasping the sub- 
stratum or ramifying in the humus col- 
lected within the scale leaves. 


Anatomy 


The rhizome has a highly dissected 
siphonostele (dictyostele) (Fig. 23a). The 
stalks of the epidermal paleae are em- 
bedded in the outer cortical parenchyma 


Fics. 8, 9 — Drynaria propinqua. Fig. 8. Mature plant with sori (S). x 4. Fig. 9. Portion 
of palea from rhizome. x 200. 
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and pierce through the thin-walled epi- 
dermal cells (Fig. 23b). They are 
massive being several cells thick and end 
below in a more or less expanded foot. 
The cortical cells bordering the foot of 
the scale are smaller in size and are 
arranged in a regular manner. Together 
with the nature of the cortical cells they 
suggest that the paleae probably play 
some role in the absorption of water ( cf. 
Pyrrosia and Bromeliaceae ). The epi- 
dermis is formed of regularly arranged 
thin-walled cells which are smaller in size 
when compared with the cells of the under- 
lying ground tissue. The latter are 
parenchymatous and irregular in outline, 
being capable of swelling enormously. The 
meristeles are concentric and distributed 
roughly in a circle in the ground tissue. 
Each has its own endodermal sheath and 
a central core of xylem consisting of 
tracheids intermingled with parenchyma 
and surrounded by phloem with prominent 
sieve tubes and pericycle of small irregu- 
larly disposed cells (Fig. 23c). Leaf 
traces are given off from the upper surface 
of the rhizome in alternate succession. A 
few of the vascular strands lying nearest 
the leaf base are pushed outwards in the 
form of a semicircle as seen in a cross- 
section. These strands pass outwards 
through the cortex in an oblique manner 
and enter the petiole. The gap formed 
-by the departing leaf traces is soon mend- 
ed by the vascular strands on either side 
converging towards each other ( Figs. 
17-22 ). 

The petiole is cylindrical with a flat- 
tened and grooved dorsal surface. The 
lamina extends towards its base as thin- 
lobed wings on either side. The vascular 
bundles are arranged in a semicircle. 
Their size is variable, those lying on the 
adaxial surface on either side being always 
larger (Fig. 24a). The number of the 
vascular bundles appears to be correlated 
with the number of segments borne by 
the leaf and it decreases steadily in the 
rachis as the leaf segments are given off. 
The epidermal cells are thick-walled and 
are usually indistinguishable in structure 
from the hypodermal cells (Fig. 24b ). 
The hypodermal layer is 7-9 cells thick 
‘and sclerenchymatous. It abuts directly 
on the ground tissue of large parenchy- 
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matous cells. The vascular bundles have 
distinct endodermal sheaths with the . 
inner tangential walls of the component 
cells highly thickened. The pericycle is 
composed of smaller parenchymatous cells. 
Xylem and phloem elements are dispos- 
ed as in the meristeles of the rhizome. 
Strands of parenchyma are often present 
in the centre of the larger bundles. 

The structure of the rachis is similar 
to that of the petiole except in the number 
of vascular bundles which decreases regu- 
larly as the individual veins are given off 
to the leaf segments, ultimately ending 
in a single or double trace depending on 
the presence or absence of the apical 
dichotomy. The larger vascular bundles 
fuse into a single strand higher up the 
rachis cutting off branches laterally in an 
alternate manner to supply the leaf 
segments. The smaller vascular bundles 
contribute mainly to the side veins given 
off laterally from the rachis ( Fig. 14) in 
between the veins to the leaf segments. 
Higher up they merge with the larger 
strands. 

In the leaf segments the epidermal cells 
are variable in size, highly cuticularized 
and with a thick outer wall. The meso- 
phyll cells are parenchymatous, densely 
chlorophyllous, armed and with cons- 
picuous air spaces in between (Fig. 25). 
Stomata are restricted to the dorsal 
surface and resemble those ‘of other 
xerophytic ferns. The side veins are col- 
lateral with annular and spiral tracheids 
constituting the xylem. The xylem of 
the midrib is V-shaped in a transverse 
section with the protoxylem elements 
at the tips of the arms. 

Anatomically the root is similar to that 
of other Leptosporangiate ferns. There is 
a superficial piliferous layer, a broad 
sclerenchymatous inner cortex and a 
small central stele. The endodermis is 
thin-walled. The protoxylem is peripheral 
and alternating with primary phloem 
masses. 


Sporogenesis 


The sori are non-indusiate and of the 
mixed type. They are borne on the 
dorsal surface of some of the normal 
leaves on the intersections of the veinlets 
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and never on free vein-endings. In D. 
quercifolia sori arising very close together 
merge into each other (Fig. 16). Rarely 
the sori spread dorsally on the veinlets. 
In structure and development the 
sporangia resemble those of other ad- 
vanced Leptosporangiate ferns (see Bower, 
1923, vol. i, pp. 12,13). Each has a long 
stalk which is two cells thick and a 
biconvex lens-shaped head with a well- 
developed annulus of about 16 cells ( Fig. 
26b). The stomium is lateral, towards 
the stalk, normal in development and 
composed of 4-6 thin-walled radially 
elongated wedge-shaped cells ( Fig. 26a ). 


Spore Germination and the 
Gametophyte 


The spores are reniform, with a thin 
intine and a slightly thickened exine, the 
thickenings appearing as dots on the 
outer surface ( Figs. 27, a, b, 28). Nor- 
mally they germinate in the humus col- 
lected within the crevices on the bark of 
trees, etc., and inside the scale leaves of 
the mother plant. In Knop’s solution 
and on soil they germinate readily within 
a week. The exine ruptures along the 
concave side where it shows an inconspi- 
cuous longitudinal mark. Usually the 
spore coat remains attached to the young 
gametophyte throughout the develop- 
-ment. As soon as the germ papilla 
emerges it develops chloroplasts. The for- 
mation of the first rhizoid accompanies its 
protrusion but the former may be sup- 
pressed till late in development. Nor- 
mally the papilla develops into a filament, 
4-6 cells long. Rarely the germ cell 
undergoes a vertical division to form two 
filaments each of which may develop into 
a separate gametophyte ( Fig. 35) as in 
Pyrrosia adnascens ( unpublished observa- 
tion), Platycerium and many other 
genera (Stockey, unpublished) and in 
Adiantum ( Kachroo & Nayar, 1953 ). 
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The young gametophyte grows by 
means of a two-sided apical cell which is 
later replaced by a marginal transverse 
meristem. In older prothalli the apical 
meristem is lodged inside a notch. Some 
of the marginal cells of the older thalli 
develop unicellular papillae (Fig. 37) 
as in Pseudodrynaria (unpublished ob- 
servation ). Thalli developing under con- 
ditions of faint light develop lateral 
secondary filaments, which in turn develop 
into fresh prothalli (Fig. 36). The 
various stages of germination are figured 
( Figs. 29-39 ) and do not differ from those 
of Pseudodrynaria. 

The gametophyte is of a highly xero- 
phytic nature, usually cordate, with the 
sex organs developing on the ventral side 
and with inter- and intracellular endo- 
phytic mycorrhiza (Fig. 41). In the 
marginal cells of the gametophyte muci- 
lage develops towards the outer walls 
and the protoplast becomes aggregated 
towards the inner wall so that the central 
region of the cells is occupied by a vacuole. 
A few layers of the cells adjacent to the 
margin also show such central vacuoles 
(Fig. 39). Often the outer mucilaginous 
walls of the marginal cells are prolonged 
into long mucilage hairs ( Fig. 40). Both 
these adaptations are connected with the 
xerophytic habit of the gametophyte 
since they help in the conservation and 
absorption of moisture from: the sub- 
stratum and atmosphere. The other cells 
of the gametophyte are densely chloro- 
phyllous, with the chloroplasts uniformly 
distributed in each cell. 

The endophytic fungus is septate, 
branched (Fig. 41) and with dense con- 
tents. It finds entrance through the 
rhizoids ( Fig. 42a) and seems to parasi- 
tize the cells ( Fig. 42b). The host tissue 
is gradually killed after the entrance of 
the fungus. The relationship between the 
fungus and the prothallus is not sym- 
biotic and its presence is not obligatory 
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Fics. 10-14 — D. quercifolia; tips of fronds showing termination of vascular supply; apical 
dichotomy at B. Fig. 10. Terminal dichotomy ending blindly (i.e. without entering any leaf 
segment). x $. Fig. 11. One of the branches of the dichotomy entering a segment, the other 
ending blindly resulting in an odd segment. x 4. Fig. 12. Both branches entering segments. x 3. 
Fig. 13. Vascular bundle ending without dichotomy. x 3. Fig. 14. Late dichotomy occurring 
inside a segment. x 4. Fig. 15. D. propinqua, dichotomy of a segment. x 1. 


Fics. 16-22 — D. quercifolia. Fig. 
of sori. X 6. 
(partly diagrammatic ). X 2. 


Figs. 17-22. Serial transverse 


for the germination of the spores or for 
the development of the gametophyte as 
seen experimentally. 


Sex Organs 


The species are monoecious and pro- 
tandrous. Development of sex organs is 
strictly of the Polypodiaceous type. The 


16. Portion of leaf lamina showing venation and position 
sections of rhizome showing origin of leaf traces 
. 


antheridia are, however, smaller than 
those of Adiantum and Pteris, and dis- 
tributed all over the ventral surface 
towards the posterior end of the gameto- 
phyte. A few are marginally placed. 
The development of antheridium is 
already described (Nayar & Kachroo, 
1952) and does not differ from that 
described by Davie (1951) for the 
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Polypodiaceae. A few stages are figured 
( Figs. 43-48). The mature antheridium 
consists of a central mass of spermato- 
zoids surrounded by a basal, funnel or 
saucer-shaped cell, an annular cell and a 
terminal lens-shaped opercular cell. 
During the development of antheridium 
after the differentiation of the central 
cell the terminal cell may divide more than 
once by transverse walls resulting in the 
formation of more than one annular cell 
in the mature antheridium (Fig. 49). 
Rarely the opercular cell is divided into 
two by a vertical wall (Fig. 49) as in 
Adiantum peruvianum ( Kachroo & Nayar, 
1953.). 

The structure and development of the 
archegonium show no variations from the 
normal type characteristic of the advanced 
Leptosporangiate ferns. 


Discussion 


Christensen (1938) and Copeland 
(1947) place Drynaria in the family 
Polypodiaceae. The former includes it 
in the sub-family Polypodioideae, tribe 
Pleopeltideae. He regards Drynariopsis 
Copd., Pseudodrynaria C. Chr., Aglao- 
morpha Schott, Dryostachyum J. Sm., 
Merinthosorus Copd. and Photonopteris J. 
Sm. as intermediate between Phymatodes 
Presl. and Drynaria Bory. In all of them 
- spore producing fronds are with venatio 
anaxeti and the sori range from pleosori to 
dictyosori and coenosori. Drynaria, with 
fronds of two types — humus collecting 
scale leaves and pinnatifid to pinnatisect 
fronds — and pleosori, culminates the 
series starting from Phymatodes. Copeland 
(1947) discusses its affinities with other 
genera of the Drynaria group and dis- 
tinguishes it by the metamorphosis of 
whole fronds for the collection of humus. 
The metamorphosis makes it less pri- 
mitive than Drynariopsis and Pseudo- 
drynaria in which the base of the other- 
wise normal fronds is thus specialized. 
Further, Drynariopsis and such species 
of Drynaria which depict neither di- 
morphism nor extension of sori are 
regarded as primitive members of the 
group which he derives from Microsorium 
Presel, particularly M. musifolium (Blume) 
Copd. He transfers the following species 
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of Drynaria to Microsorium: D. alatum 
Brack., D. sylvaticum Brack. and D. 
maximum Brack. Ching (1940) includes 
Drynaria in the tribe Phymatodeae, sub- 
family Pleopeltideae of family Polypo- 
diaceae. Holttum (1949) follows Cope- 
land in deriving it and its allies from 
Microsorium. 

The rhizome of the species under in- 
vestigation is creeping and stout as in 
other genera of the Drynaria group. This 
posture is determined by the direction of 
growth of the young stem rather than by 
the orientation of the stem initial in the 
embryo. It is densely covered with pel- 
tate paleae and this together with the 
stout rhizome is correlated with the 
humus collecting habit unlike Holos- 
tachyum and Photonopteris in which the 
humus collecting habit is lost and con- 
sequently the rhizome is comparatively 
slender and glabrescent. It is xerophytic 
in both terrestrial and epiphytic forms — 
the former are conceived of as escapes 
from the epiphytic nature. Branching 
is rare and is lateral. The vascular 
structure is a dissected siphonostele. A 
few of the vascular strands lying towards 
the leaf base curve outwards and forwards 
to enter the leaf and form a semicircle 
in the cortex with the gap facing towards 
the growing point of the rhizome. 

The paleae vary in size and shape, 
those found on the leaves being smaller 
and sparsely distributed. In D. querci- 
folia their margin is dentate as in Phyma- 
todes, Drynariopsis and Pseudodrynaria 
and are, therefore, comparatively simpler 
than those of D. propinqua where they are 
ciliated as in Aglaomorpha, Holostachyum 
and Photonopteris. Both the species have 
stellate paelae on their leaves. The transi- 
tion from the juvenile to the normal 
leaves illustrates how the compound leaf 
of ferns might have originated from 
simple entire forms. The juvenile leaves 
are lanceolate and entire while the later 
formed ones gradually assume the form 
characteristic of the adult plant. The 
transition to the pinnatisect nature is 
associated with the increase in the size 
of the lamina and this is an advanced 
feature when compared to forms with an 
entire lamina. Rarely the leaf dichoto- 
mizes at the apex. Such a forking of 


26 a 
26b 


Fics. 23-28. 
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pinna is regarded by Bower (1926) and 
Tryon (1942) as reversionary. We note 
it also in Pyrrosia and Pteropsis but there 
the frequency is very rare. It denotes 
comparatively primitive condition. Fork- 
ing of the leaf segments is also noted in 
D. propinqua. 

Dickason (1946) describes the vena- 
tion in D. quercifolia as a closed reticulum 
without free included veinlets and re- 
gards it as a modification of the venation 
with several excurrent veinlets in each 
areole in Cyrtomium falcatum. The pre- 
sent work, however, reveals that in the 
species under investigation the meshes 
of the reticulum include free veinlets 
( which have also been figured by Dickason 
in his Fig. 19) and rarely presents an 
intermediate condition with closed reti- 
culum and open reticulum in the same 
leaf. There is enough justification for 
deriving the type of venation from 
Cyrtophleboid venation illustrated by 
Cyrtomium falcatum. The free included 
veinlets in Drynaria represent a flicker 
before final extinction. 

There is articulation of the leaf segments 
to the axis of the frond which results in 
abscission on drying. The absence of 
such an articulation at the base of the 
petiole prevented Smith (vide Dickason, 
1946 ) from including Drynaria in his sub- 
genus Eremobrya. Copeland (1947) re- 
- gards the articulation as an adaptation 
to epiphytic habit where the fern must 
sometimes endure more or less prolonged 
drought. This is not necessarily the case 
- since this condition is also met with in 
the terrestrial forms of the species under 
consideration and in Adzantum, Stenoch- 
laena, Lygodium, etc. Secondly, this is 
not the rule in all epiphytic ferns, e.g. 
Asplenium. It appears, however, to be 
a generic character and an advance over 
those which lack it. 
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The fronds are of two types: sessile 
scale leaves for humus collection, and 
normal pinnatisect fronds as in Holosta- 
chyum which has, however, lost the 
humus collecting habit. Drynariopsis and 
Pseudodrynaria with uniform fronds have 
broad humus collecting bases. All the 
segments of the fertile leaf bear sori and 
resemble those which lack the same in 
size and shape, in contrast to genera like 
Photonopteris where only the upper seg- 
ments are fertile and much contracted. 
The sori are of the mixed type and are 
situated at the intersections of veinlets. 
They have a tendency to expand from 
points to lines along the surface of the 
veinlets and form confluent sori as in 
Pseudodrynaria, but not to the extent as 
in the related genus Aglaomorpha where 
they are compital in origin and spread to 
form pleosori, coenosori or dictyosori as in 
Dryostachyum and Merinthosorus. In this 
respect Drynaria is less advanced than 
these genera but more advanced than 
Drynariopsis with mostly compital sori. 

The sporangia are not associated with 
paraphyses in contrast to D. rigidula (Sw.) 
Bedd. where they are present and which 
is included for that reason in section 
Poronema J. Sm. 

The gametophyte is xerophytic and 
associated with an endophytic fungus, a 
character which may be considered to be 
primitive. The development of sex or- 
gans and their position does not suggest 
any deviation from the normal plan 
characteristic of the Polypodiaceae. 

Drynaria, therefore, depicts both com- 
paratively advanced and primitive char- 
acters as compared with its related 
genera which together with it are derived 
by Copeland from Microsorium ( Phyma- 
todes). The perview of the present studies 
indicates, on the other hand, that the 
Drynaria group might have originated 
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Fics. 23-28 — D. quercifolia. 


showing origin of palea, X 40; c, vascular bundle of rhizome in t.s., 


Fig. 23a. T.S. rhizome, x 2. b, t.s. outer cortex of rhizome 


x 40. Fig. 24a. T.S. petiole 


of frond, X 4; b, same showing one vascular strand (only portion shown ): E, epidermis; H, 
- hypodermis; Mx, metaxylem; Px, protoxylem, x 40. Fig. 25. T.S. portion of leaf through sorus: 


Sp, spore; a, annulus; p, armed palisade parenchyma. X 40. 
a, surface view of stomium (ST); b, showing annulus (a), 
Fig. 27a, b. Spores of D. quercifolia. x 325. 


(SMC). x 325. 


Fig. 26. Sporangium seen differentiy: 
stomium (ST) and spore mother cells 
Fig. 28. Spore of D. propinqua. X 325. 
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from ancestors which on one hand gave 
rise to Microsorium with simple pinnate, 
articulate fronds, an annulus of 14-16 
cells, and bilateral spores; and on the 
other hand, to the ancestor of the Drynaria 
group, with fronds pinnatifid to pinnati- 
sect, functionally non-articulate, but with 
pinnae of normal fronds articulate to the 
rachis, smooth bilateral spores, and an 
annulus of 11-16 cells. The extension of 
the leaf lamina along the sides of the 
petiole of normal leaves of Drynaria may 
be considered as evidence for the fact that 
these leaves originated from those like 
Drynariopsis and Pseudodrynaria, which 
are sessile and in which the basal region 
is humus collecting. However, unless the 
morphology of Microsorium and the whole 
of the Drynaria group is worked out no 
final judgement can be passed with regard 
to its phylogeny. 


Summary 


Drynaria is an epiphytic fern with 
dimorphic fronds: special humus col- 
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lecting and normal pinnatisect leaves, 
borne on a fleshy rhizome which is densely 
covered with slender paleae. The rhizome 
is dictyostelic. The venation is reticulate, 
usually with free included veinlets in the 
meshes. The sori are non-indusiate, of 
the mixed type, situated on the inter- 
sections of the veinlets and with a ten- 
dency towards confluence. Paraphyses are 
absent. The spores are bilateral and 
hyaline. The formation of a filament is 
the rule during germination. The young 
gametophyte is cordate, xerophytic and 
harbours an endophytic fungus. Sex or- 
gans are ventral and do not show any 
deviations from those of the normal 
Polypodiaceous plan except that rarely 
the antheridium may be abnormally large 
with two ring cells and a divided opercular 
cell. The relationship of the genus is 
discussed. 

We are greatly indebted to Prof. Alma 
G. Stokey for kindly going through and 
criticizing the manuscript and for her 
encouragement. Thanks are due to Dr. 
H. K. Baruah for laboratory facilities. 
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Fics. 29-49 — D. quercifolia and D. propinqua, development of gametophyte and antheridium. 


Figs. 29-32. Filamentous stages. x 200. 


Figs. 33, 34. Plate formation by establishment of a two- 


sided apical cell. x 200. Fig. 35. Two thalli developing from the same spore. x 200. Fig. 36. 
Branching of young gametophyte. x 200. Fig. 37. Young cordate gametophyte showing marginal 
papillate hairs. x 200. Fig. 38. Normally developed mature gametophyte. x 6. Fig. 39. Portion 
of marginal part of Fig. 38, showing vacuolated cells: M, mucilaginous outer wall; P, papilla. 
x 200. Fig. 40. A marginal cell of mature gametophyte showing mucilaginous hair. x 325. 
Fig. 41. Inter- and intracellular mycelium (k) in the cells of the gametophyte. x 325. Fig. 42a. 
Rhizoid with fungus hypha (4), x 200; b, mycelia (A) growing on degenerated ne x 550. 
Figs, 43-48. Stages in development of antheridium. Fig. 48. Apical view of open ant a 
showing opening left by the dehisced opercular cell. Fig. 49. Abnormal antheridium with double 
annular cell and opercular cell. All, x 325. 


THE TOPOGRAPHY OF THE NECTARY IN THE FLOWER 
AND ITS PHYLOGENETICAL TREND 


A. FAHN 


Department of Botany, Hebrew University, Jerusalem, Israel 


Introduction 


Several authors have already used the 
shape and position of the nectaries to 
support their theories about the affinity 
of species, genera or families. The most 
important paper on this subject is by 
Brown ( 1938) who points out some lines 
of development in the location of the 
nectaries through different plant orders. 
Brown summarized his view on the 
development of the nectaries as follows 
(p. 549): “ Nectaries appear to have 
arisen independently in different lines of 
development and then to have undergone 
modifications characteristic of various 
groups.” The author of the present 
paper, after examining a great number of 
species belonging to 52 different families, 
noticed the existence of a general phylo- 
genetical trend of the nectaries in shifting 
their position in the flower in an acro- 
centripetal direction. 

The works of previous investigators 
also gave support to this hypothesis 
( Bonnier, 1879; Daumann, 1928, 1930a, 
b, c, 1931a, b; Knuth, 1898-1905; Norris, 
1941; Schniewind-Thies, 1897 ). 


Genera Examined by the Author 


The following list has been arranged 
according to the location of the nectary 
in the flower*: 

1. THE NECTARY PLACED ON THE PERI- 

ANTH ( PERIGONAL TYPE ). — 

(a) near the base; Ranunculaceae 
(Ranunculus ), Berberidaceae 
(Leontice), Malvaceae ( Althaea, 


*The type terminology is mainly taken from 
Fahn, 1952. 
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Hibiscus, Lavatera), Sterculiaceae 
( Dombeya ), Liliaceae ( Fritilla- 
ria ); 

(b) in : spur; Ranunculaceae ( Gart- 
della), Geraniaceae (Pelargoni- 
um), Tropaeolaceae (Tropaeolum), 
Caprifoliaceae ( Abelia), Vale- 
rianaceae (Centranthus, Vale- 
riana ). 


. THE NECTARY PLACED ON THE RECEP- 


TACLE, BETWEEN THE SEPALS AND 

THE PETALS ( MARGINAL NECTARIES 

OF THE TORUS TYPE ) — 
Capparidaceae (Capparis ), Rese- 


daceae ( Reseda ). 


. THE NECTARY PLACED ON THE RECEP- 


TACLE, BETWEEN THE SEPALS AND 
THE STAMENS — 
Cruciferae ( Alyssum, Diplotaxis, 
Erucaria, Hirschfeldia, Maresia, 
Raphanus, Rapistrum, Sinapis ), 
Passifloraceae ( Passıflora ). 


. THE NECTARY FORMING A DISC 


PLACED ON THE RECEPTACLE, BE- 
TWEEN THE SEPALS AND OVARY — 
Proteaceae ( Grevillea ). 


. THE NECTARY PLACED BETWEEN THE 


BASES OF THE STAMENS — 
Polygonaceae ( Antigonon, Poly- 
gonum ). 


. THE NECTARY PLACED ON THE 


STAMENS — 

(a) on the filament; Lauraceae ( Lau- 
vus), Caryophyllaceae ( Dian- 
thus, Silene ), Leguminosae ( Me- 
dicago, Retama, Trifolium ), Lilia- 
ceae (Colchicum ); 

(b) on an appendix of the connec- 
tive; Violaceae ( Viola), Asclepia- 
daceae ( Asclepias ). 


. THE NECTARY PLACED BETWEEN THE 


STAMENS AND THE OVARY — 
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(a) the nectariferous tissue on a flat 
or concave receptacle; Moringa- 


ceae ( Moringa), Leguminosae 
( Anagyris, Caesalpinia, Cerato- 
mia, Cercis, Lathyrus, Lotus, 


Phaseolus, Robinia, Vicia ), Rosa- 
ceae (Cotoneaster, Cydonia, Cra- 
taegus, Prunus, Pirus, Pyracan- 
tha, Rubus),  Anacardiaceae 
(Schinus ), Rhamnaceae ( Zizy- 
phus), Tamaricaceae ( Tama- 
rix ), Cactaceae ( Pereskia ), Puni- 
caceae ( Punica ); 

the nectariferous tissue in a 

receptacular tube (like a spur 

sunk in the pedicel ); Legumino- 
sae (Bauhinia ). 

8. THE NECTARY AS A DISC SURROUND- 
ING THE BASE OF THE OVARY ( DIS- 
COID NECTARIES )— 

Crassulaceae ( Sempervivum ), Pit- 
tosporaceae ( Pittosporum ), Ela- 
eagnaceae (Elaeagnus), Lythraceae 
(Lythrum), Rutaceae (Citrus, 
Ruta), Cistaceae (Cistus), Eri- 
caceae (Arbutus), Styracaceae 
( Styrax), Oleaceae ( Jasminum, 
Ligustrum ), Apocynaceae ( Theve- 
tia), Convolvulaceae ( Convolvulus, 
Ipomoea), Boraginaceae ( Anchusa, 
Echium, Heliotropium, Podonos- 


E 


ma),  Verbenaceae ( Duranta, 
Lantana, Lippia, Vitex ), Labiatae 
(Ajuga, Lamium, Lavandula, 
Mentha, Molucella, Origanum, 


Prasium, Rosmarinus, Saivia, Satu- 
reja, Stachys, Thymus ), Scrophula- 
riaceae ( Scrophularia, Sesamum ), 
Bignoniaceae (Campsis, Tecoma, 
Tecomaria, Jacaranda), Acantha- 
ceae ( Acanthus, Adhatoda ). 

9. THE NECTARIFEROUS TISSUE PLACED 
IN THE SEPTA OF THE OVARY ( SEPTAL 
NECTARIES OF THE OVARIAN TYPE) — 

Liliaceae ( Allium, Asphodelus, Bel- 
levalia, Muscari, Urginea), Ama- 
ryllidaceae (Narcissus, Sternber- 
gia), Iridaceae (Crocus ); Musa- 
ceae (Musa). 

10. THE NECTARIFEROUS TISSUE PLACED 
ON THE RECEPTACLE ABOVE THE 
OVARY — 

Myrtaceae (Eucalyptus, Calliste- 
mon ), Dipsaceae (Cephalaria, Sca- 
biosa), Cucurbitaceae ( Bryoma, 
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Citrullus, Cucumis, Cucurbita), 
Campanulaceae (Campanula ). 
11. THE NECTARY PLACED ON THE BASE 
OF THE STYLE ( STYLAR TYPE ) — 
Umbelliferae (Bupleurum, Eryn- 
gium, Ridolfia, Ammi ), Compositae 
(Calendula, Carthamus, Centaurea, 
Cichorium, Echinops, Helianthus, 
Inula, Notobasis, Senecio, Silybum, 
Taraxacum ). 


Discussion and Conclusion 


These examples illustrate that in the 
more primitive families of the Dicoty- 
ledoneae the nectaries are confined mostly 
to the perianth ( Ranunculaceae, Magno- 
liaceae, Berberidaceae, Malvaceae, Ster- 
culiaceae ), or to the region between the 
perianth and the stamens ( Resedaceae, 
Capparidaceae, Cruciferae, Passiflora- 
ceae ). Nectaries on the stamens occur 
in the Lauraceae, Caryophyllaceae and 
in many species of the Leguminosae. The 
nectaries are placed in the region between 
the stamens and the ovary in the Rosaceae, 
many Leguminosae, Moringaceae, Anacar- 
diaceae, Rhamnaceae, Tamaricaceae, Cac- 
taceae and Punicaceae. The nectary is 
a disc around the base of the ovary in 
the Rutaceae, Lythraceae, Cistaceae and 
in most hypogyno-sympetalous families 
as Ericaceae, many Apocynaceae, Con- 
volvulaceae, Boraginaceae, Verbenaceae, 
Labiatae, Scrophulariaceae, Bignoniaceae, 
Acanthaceae and many others. 

In the epigynous families, both of the 
Choripetalae and Sympetalae, the nectari- 
ferous tissue occurs on the receptacle on 
the top of the ovary ( Myrtaceae, Dipsa- 
ceae, Cucurbitaceae, Campanulaceae ). 

Finally, the nectaries are on the top of 
the ovary but more or less surround the 
base of the style in the Umbelliferae and 
in the Compositae. 

There are, of course, exceptions from 
this trend. Nectaries occur in the peri- 
anth in some very advanced families, as 
in some species of the Caprifoliaceae and 
in the Valerianaceae, but it is worthy of 


“mention that in these examples the nec- 


tariferous tissue occurs in specialized 
organs, as for instance spurs. It may be 
that a secondary migration of the nectary 
took place in these flowers. A similar 
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phenomenon can be seen in the Asclepia- 
daceae where the nectariferous tissue 
occurs on appendices of the connectives. 

In the Monocotyledoneae the common 
position of the nectariferous tissue is in 
the ovary (Septal Nectaries ), but in the 
Liliaceae we can find transitional types. 
In Fritillaria, for instance, the nectaries 
occur on the perianth and in Colchicum 
on the stamens. 

From all these cases it can be concluded 
that the main phylogenetical trend of the 
location of the nectary in the flower 
is acrocentripetal, i.e. a migration of the 
nectariferous tissue from the outer to the 
inner flower organs, and in the pistil from 
its lower to its upper parts. 

A similar developmental trend was 
mentioned also by Brown (1938) con- 
cerning the ‘ Rosales and their descen- 
dants’’. According to him the cup- 
shaped receptacular nectary of the Rosa- 
les appears between the stamens and the 
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ovary. In one trend, the nectary has 
grown up around and over the ovary and 
leads through perigyny to epigyny culmi- 
nating in the Compositae. In another 
trend, the more basal part of the cup- 
shaped nectary becomes united to the 
ovary leading to such orders as Lythrales, 
Thymelaeales and Myrtales. 


Summary 


The position of the floral nectary has 
been examined in many species belonging 
to 52 families. The genera, so studied, 
have been listed and classified according 
to this location. It is suggested that 
there has been a general phylogenetic 
trend in the migration of the nectary from 
the perianth acrocentripetally to the ovary 
and the base of the style. 

My thanks are due.to Mr. E. J. H. 
Corner for going through the manuscript 
and making valuable suggestions. 
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COMPARATIVE HISTOLOGY OF SECONDARY XYLEM 
INS BURIED-AND- EXPOSED: ROOTS: OF 
DICOTYLEDONOUS TREES 


T. M. MORRISON 
Department of Botany, University of Otago, Dunedin, New Zealand 


Introduction 


A number of papers ( Wieler, 1891; 
Pohl, 1927; Büsgen et al., 1929; Monte- 
martini, 1931; Jumelle, 1933; Brook, 
1951) have recorded differences in histo- 
logy of secondary wood between normal 
roots and those not covered with soil. 
In general these are such that the root 
wood becomes more like stem wood, but 
no measurements showing in detail the 
nature of these changes have ever been 
published. This paper sets forth differ- 
ences in wood histology between buried 
and exposed roots of six New Zealand trees 
belonging to five families —Carpodetus ser- 
vatus ( Escalloniaceae ), Fuchsia excorticata 
(Onagraceae ), Griselinia littoralis ( Corna- 
ceae ), Melicytus ramiflorus ( Violaceae ), 
_ Nothopanax colensoi (Araliaceae), and 
Pseudo panax crassifolium ( Araliaceae ). 


Methods 


Samples were taken from adjacent ex- 
posed and buried parts of the same root, 
each being a 15 cm. length from which 
6-12 sectioning blocks were cut covering 
the last 3-4 annual rings. These blocks 
were examined to make sure that wood 
histology was reasonably uniform over the 
full 15 cm., but it never proved necessary 
to reject material because of obvious 
inhomogeneity. Wood for maceration 
was taken from at least three blocks, but 
for other measurements a single cross- 
section was used as far as possible. 
Microscope fields were taken at random 
and all available measurements recorded 
until a sufficient number had been made. 
Statistical significance was assumed where 
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differences between means were greater 
than twice the standard deviation of the 
difference. This was the test of signi- 
ficance used by Desch (1932). The 
vessel diameter given is the tangential 
diameter of the lumen only. Vessel 
length is the extreme length including 
tails if present. Vessel concentration is 
the number per millimetre square in cross- 
section — these measurements are high 
because fields that included large rays 
were rejected, and because a vessel was 
included even if only a small fraction of 
it lay in the field. Ray width is the total 
width of rays, both uniseriate and multi- 
seriate, across the diameter of the field 
(1,400 u). Table 1 combines for each 
species results from three roots chosen in 
different forests (Leith Valley, Owaka 
or Wangaloa). The population totals 
are in brackets in the difference column. 
All measurements are in microns, and the 
significant differences are underlined. 


Discussion 


Effects of exposure on histology of the 
secondary wood which are shown as 
significant in Table I can be summarized 
thus : 

Vessel diameter reduced: Carpodetus, 
Fuchsia, Griselinia, Melicytus, No- 
thopanax. 

Vessel length increased: Carpodetus, 
Nothopanax. 

Fibre length increased: Carpodetus, 
Griselinia, Nothopanax. 

Fibre wall thickness increased: Gri- 
selinia, Melicytus, Nothopanax. 

Ray height reduced: Carpodetus, Melı- 
cytus, Nothopanax. 
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TABLE 1— HISTOLOGICAL COMPARISON OF WOOD FROM 


EXPOSED AND 


BURIED ROOTS 
( Measurements in microns ) 


SPECIES Carpodetus Fuchsia 
serratus excorticata 
HISTOLOGY 
Exposed 40-1+9:6 58-6+22-4 
Vessel : 
PRESS Difference (150) 76 (150) 23-2 
Buried 47-7412:0 81:8+30-1 
Exposed 1121 +268 364-480 
panes Difference (150) 131 (200) 6 
Buried 9894482 358-466 
Exposed 167214671 597+95 
anh Difference (150) 156 (150) 7 
Buried 1516+329 589+140 
| Exposed 5.12+93 2-14+'37 
al Difference (125) ‘19 (80) -08 
Buried 493+1'05 2:06-+46 
Exposed 1896+1231 7134377 
height Difference (150) 722 (150) 79 
Buried 2618+1884 792-4424 
Exposed 526+89 243 +62 
. Difference (150)0 (150) 52 
Buried 526 +93 295 +82 
Vostel Exposed 102+34 90+29 
concen- Difference (150) 44 (150) 19 
tration , Sl = 
Buried 146 +47 109+27 


Griselinia Melicytus Nothopanax Pseudo- 
littoralis vamiflorus  colensoi panax 
crassi- 
folium 
42:2411-6 51:14141 31-8464  36449-3 
(150) 9:1 (200) 4:3 (200) 9:0 (200) 1-0 
51:°3412:2 5644164 40-8+11:1 37-4+415-9 
11444264 71814195 707+179 666+154 
(200) 12 (200) 15 (200) 36 (150) 35 
11324246 7034159 6714146 6704181 
1291+263 10474245 9624194 9174223 
(150) 108 (200) 37 (200) 73 (150) 29 
11824306 1010+243 8894199  946+204 
6-33+ 74 3-87+1-31  3-364:89 .3-94+4--74 
(90) 1:04 (120) :66 (80) :52 (100) -07 
5°29+1:52 3-21+ 58 2-844+:66  4-01+:73 
889 +435 13914629 438 +198 8024295 
(200) 94 (150) 502 (150) 229 (150) 66 
9834598 189341007 667+358 8684265 
410-+89 407 +92 282+54 428+65 
(150) 81 (150) 54 (150) 77 (150) 44 
4914106 353+57 359+58 472+103 
92 +41 69 +26 121+53 108 + 36 
(150) 21 (150) 16 (150) 25 (150) 4 
113432 85 +26 96 +44 104+40 


_ 


Ray width reduced: Fuchsia, Grise- 
linia, Nothopanax, Pseudopanax. 

Ray width increased: Melicytus. 

Vessel concentration reduced: Carpo- 


detus, Fuchsia, Griselinia, Meli- 
cytus. 

Vessel concentration increased: No- 
thopanax. 


The technique has sufficed to demon- 
strate a change in Nofhopanax in all seven 
features studied, while Carpodetus, Grise- 
linta and Melicytus each show a change 
in five features, Fuchsia in three and 
Pseudopanax in one. Eames and Mac 


Daniels ( 1947, p. 286) state that secon- 
dary xylem in roots compared with that 
of stems has larger and more numerous 
vessels and larger and more abundant 
rays. If these generalizations are assumed 
to hold for the species used in this investi- 
gation, the changes in vessel diameter, 
vessel concentration, ray height and ray 
width have with two exceptions made 
the wood of exposed roots more like that 
of stems. In the case of Carpodetus at 
least ( Brook, 1951, p. 282), this is true 
also of the change in vessel length. Six 
of the sixteen cases in which no difference 
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TABLE 2— FIBRE LENGTH IN 
FUCHSIA (y) 


LocaLity LEITH WANGA- OWAKA 
VALLEY LOA 
Exposed 676+100 525+75 589+95 
Difference 14 —43 +52 
Buried 6624224 568+117 537+78 


TABLE 3— RAY WIDTH IN MELICYTUS 
AND VESSEL CONCENTRATION IN 


NOTHOPANAX 
Melicytus Nothopanax 
RAY WIDTH VESSEL CON- 
CENTRATION 
(number per 
mm. ) 
Stem 350+73 90+19 
Difference (200) 16 (30) 24 
Buried root 366-+67 66+18 


was established were apparently due to 
an over-riding effect on wood structure 
of factors unrelated to presence or ab- 
sence of earth cover. In consequence 
significant differences of opposite sign 
. resulted from comparing exposed and 
buried portions of the same root. An 
example of this is given in Table 2. 

To ascertain whether the two anoma- 
lous changes (ray width in Melicytus and 
vessel concentration in Nothopanax ) were 
really exceptions to the rule that exposed 
root wood tends to become stem-like and 
not merely consequences of abnormal 
differences between roots and stems in 
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these respects, comparisons were made 
between stems and buried roots of three 
trees from Leith Valley. The results in 
Table 3 indicate that ray width is normal- 
ly much the same in stems and buried 
roots of Melicytus but that the vessel con- 
centration in Nothopanax wood is indeed 
ordinarily greater in stems than in roots. 

The number of vessels in Table 3 was 
counted in ten 2 mm.? fields in sections 
of representative roots and stems. 

Variations in the stem wood histology 
have been related by Desch (1932), 
Rendle and Clarke ( 1934) and Chalk and 
Chattaway (1934) to age of the stem, 
height of the tree and distance of a branch 
from the main trunk. Clarke (1932) 
has shown that tension wood has abnor- 
mally long fibres. Wieler (1891), who 
appears to have been the first to draw 
attention to differences in histology be- 
tween buried and exposed roots, was pro- 
bably correct in relating them to external 
factors. This conclusion he supported 
by an observation that stems placed 
underground acquired some of the histo- 
logical features of roots. Fisher ( 1908 ) 
has recorded greater lignification in parts 
of a tree with a sunny aspect and Wolcott 
(1936) has demonstrated that X-rays 
induce wood to become more compact 
with smaller vessels. These last obser- 
vations suggest that light is likely to be 
the agent effective in altering. the histo- 
logy of wood when roots are uncovered. 
Experiments employing transparent and 
opaque wrappings were set up to test 
this hypothesis but have yielded no con- 
sistent results in a single season. 

The author wishes to thank Professor 
G. T. S. Baylis, under whose supervision 
this work was carried out, for his criticism 
and advice. 
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Chez les Gymnospermes ( sauf les Gné- 
tales ), le bois se compose exclusivement 
de trachéides à ponctuations aréolées, 
lesquelles remplissent à la fois la fonction 
mécanique de soutien et la fonction con- 
ductrice. A partir des Angiospermes, ces 
éléments se différencient et se spécialisent : 
les uns conduisent aux vaisseaux lesquels 
assurent la conduction de la sève brute; 
les autres, plus étroits, souvent allongés 
et fusiformes, sont destinés à jouer un 
rôle de soutien de la plante: ce sont les 
fibres. 

Exposons rapidement les principales 
modifications que subissent les vaisseaux 
en atteignant un degré de perfectionne- 
ment de plus en plus marqué: leur calibre 
augmente, en même temps que leurs élé- 
ments constitutifs se reccourcissent. Leur 
section transversale, primitivement poly- 
gonale, s’arrondit. Leurs extrémités com- 
muniquent par des plages partiellement 


sclérifiées dont les intervalles pecto- 
cellulosiques se résorbent; il en résulte 
ainsi des “ perforations ”. Celles-ci, 
d'abord très obliques, à nombreux bar- 
reaux, constituent le type “ scalariforme ” 
(Fig. 1, A). A un stade d'évolution déjà 
plus accentué, ces perforations tendent à 
devenir de moins en moins obliques, en 
même temps que le nombre des barreaux 
diminue (Fig. 1, B). Puis des anasto- 
moses apparaissent entre les barreaux, 
ce qui amène graduellement le type 
“reticule ” ( Fig. 1, C). Ensuite des dis- 
locations se produisent ( Fig. 1, D ) et toute 
trace de cloison primitive disparait peu à 
peu. On se trouve dés lors en présence de 


la large perforation simple, de forme 


ovoide, elliptique ou circulaire ( Fig. 1, E). 

En même temps, les ponctuations des 
faces latérales des vaisseaux, primitive- 
ment aréolées, perdent leur aréole et 
deviennent simples. 


195371 


Fic. 1 — Schématique, montrant la transi- 
tion entre la perforation scalariforme à nombreux 
barreaux A et la perforation simple E. En B, 
diminution du nombre des barreaux d’une per- 
foration scalariforme. C, apparition d’anasto- 
moses entre les barreaux: évolution vers le type 


réticulé. D, destruction partielle des éléments 
constitutifs d’une perforation scalariformo- 
réticulée. 


On sait depuis longtemps que les tra- 
chéides, caractéristiques du xylème des 
Gymnospermes, se retrouvent dans divers 
. groupes d’Angiospermes, principalement 
ceux que l’on considère comme les plus 
primitifs ( Ranales, Magnoliales, Amen- 
tales). Le plus fréquemment, elles co- 
existent avec les véritables vaisseaux lig- 
neux. Ici encore, ce sont des cellules fusi- 
formes, plus ou moins allongées, de section 
quandrangulaire ou polygonale, parfois à 
angles mousses, et dont les faces latérales 
sont munies de ponctuations aréolées. 
Mais l’ouverture de ces ponctuations, au 
lieu de rester circulaire comme chez la 
plupart des Coniférales, tend à s’allonger. 
On assiste alors à l'apparition de deux 
lèvres, étroites, qui suivent le diamètre 
de l’aréole et se montrent plus ou moins 
obliques par rapport à l'axe de la trachéide. 
Ces fentes peuvent rester paralléles entre 
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elles; plus souvent, les lévres de deux 
faces convexes de la ponctuation pren- 
nent une direction oblique l’une par 
rapport a l’autre; elles apparaissent entre- 
croisées en X sur l’aréole vue de face 
(Figin2). B)): 

Ailleurs les ponctuations aréolées peu- 
vent s’étirer ainsi que leurs ouvertures, 
perpendiculairement a l’axe de la fibre: 
elles réalisent alors dans leur ensemble le 
type “ scalariforme ”’ (Fig. 2, C ). 

Les fibres a aréoles circulaires sont loin 
cependant de se retrouver identiques chez 
la plupart des Angiospermes. En effet, 
les ponctuations peuvent rester trés rap- 
prochées et former sur chaque face une ou 
plusieurs files paralléles entre elles; ail- 
leurs, elles tendent a s’écarter les unes des 
autres, prenant une disposition plus 
irrégulière. Puis le diamètre des aréoles 
varie, se réduit même sensiblement, en 
même temps que les fentes sont suscepti- 
bles d’atteindre le bord le l’aréole ( Fig. 
2, D) et même de se prolonger au-delà 
( Fig. 2, E). Il semblait alors nécessaire 
de classer les fibres ligneuses en plusieurs 
catégories. C'est ce que Jeffrey (1917) 
a fort bien exposé dans son traité 
d’Anatomie; il distingue les 3 types 
suivants: 

1° La trachéide qui est plus courte 
et plus large, à parois plus minces; elle est 
abondamment ponctuée radialement et 
tangentiellement. Les ponctuations sont 
circulaires, très rapprochées et disposées 
régulièrement; leurs ouvertures sont obli- 
ques, souvent croisées en X. 

2° La fibre-trachéide diffère par ses 
parois plus épaisses, ses extrémités plus 
acuminées. Les ponctuations sont moins 
rapprochées; leurs fentes dépassent le 
diamètre de l’aréolel. 

3° La fibre libriforme se fait remar- 
quer par la réduction extrème de l’aréole 
qui a pratiquement disparu et par les 
fentes longues et étroites (Fig. 2, F). 

D'autre part, Eames et Mac Daniels 
( 1925 ) ont nettement mis en évidence le 
passage de la trachéide, type primitif, à 
la fibre libriforme, élément le plus évolué. 


1. L'auteur n'avait pas envisagé le cas où les 
fentes en X atteignent le bord de l’aréole sans le 
dépasser ( Fig. 2, D ); comme nous l’expliquerons 
plus loin, nous voyons ici encore la fibre tra- 
chéide. 
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Certains auteurs, en décrivant la struc- 
ture du bois chez les Dicotylédones, ont 
employé un peu indistinctement les termes 
de “ trachéide ” et de “ fibre-trachéide ”’. 
D'autres ont mentionné la présence de 
fibres à ponctuations aréolées sans en 
préciser la nature exacte. Ce sujet impli- 
quait de nouvelles observations. C'est 
pourquoi, au cours de ces 10 dernières 
années, nous nous sommes adonné à des 
recherches sur l’histologie du bois secon- 
daire de plusieurs Familles classées pour 
la plupart dans le vaste groupe des Dico- 
tylédones Apocarpiques, ordinairement 
subdivisé en Magnoliales et en Ranales. 
Les représentants de ce groupe se font 
remarquer tout d’abord par l’apocarpie; 
cette particularité, jointe au nombre in- 
défini des pièces du périanthe, puis à la 
polystémonie et à la polycarpie, carac- 
tères qui se retrouvent dans bien des 
genres, constitue le critérium de pri- 
mitivité pour les partisans de la “ fleur 
dialypétale primitive ”: Hallier (1912), 
Arber et Parkin (1907), Lotsy (1911), 
puis Hutchinson (1926a) et Beauverie 
(1930, 1931). Nous nous sommes rallié 
nous-même à cette opinion, à la suite de 
nos premières recherches sur le xylème 
des Magnoliacées ( Lemesle, 1933 ). 

Nous avons choisi de préférence les 
Familles situées par Hallier (1912) et 
Hutchinson ( 1926b ) à la base de l’échelle 
des Dicotylédones. Examinant en coupe 
longitudinale le bois de nombreuses es- 
pèces, notre but a été de décrire la forme 
des ponctuations des parois latérales des 
vaisseaux, le type de leurs perforations 
(principalement le nombre de barreaux 
des perforations scalariformes ), puis la 
nature des ponctuations des éléments 
fibreux. Mettant en évidence le degré 
plus ou moins marqué d’archaïsme révélé 
par l’histologie du xylème, nous cherchions 
à établir, pour chaque genre, des corré- 
lations avec les caractères de la fleur, du 
fruit, de la graine, d’après les principes de 
la phylogénie. 

Sans essayer de dresser ici un arbre 
généalogique de ces Familles, nous résu- 
merons dans le présent article nos obser- 
vations sur le bois secondaire, en insistant 
sur la nature exacte des fibres (tra- 
chéides, fibres-trachéides, fibres librifor- 
mes ). 
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Nous commencerons par l’ordre des 
Magnoliales considéré par Hutchinson com- 
me la souche ancestrale des Dicotylédones 
arborescentes. Nous reproduirons dans le 
tableau suivant la classification des Mag- 
noliales proposée par notre collégue et 
ami Ozenda (1949) au début de son 
mémoire sur les Dicotylédones Apocarpi- 
ques: Ce systéme est basé sur celui 
d’Hutchinson, mais remanié a la suite des 
travaux des auteurs les plus récents. 


Classification des Magnoliales 


I — MAGNOLIACEES 
Magnolia, Talauma, Aroma- 
dendron, Elmerillia, Pachylar- 
nax, Kmeria, Manglietia, Al- 
cimandra, Michelia, Lirioden- 
dron 


n II — SCHIZANDRACÉES 
= Schizandra, Kadsura 
ie III — ILLICIACÉES 
al a 
A Illicium 
= IV — EUPTELEACEES 
fx) Euptelea 
= V — DEGENERIACÉES 
ge Degeneria 
VI — HIMANTANDRACEES 
Himantandra 
VII — CERCIDIPHYLLACÉES 
Cercidiphyllum 
VIII — PAEONIACEES 
L Paeonia 
( IX — WINTERACEES 

a Drimys, Belliolum, Bubbia, 
ate Pseudowintera, Exospermum, 
=“ Zygogynum 
7 X — TROCHODENDRACÉES 


Trochodendron, Tetracentron 


Sauf pour les Paeoniacees que nous 
exposerons plus loin, nous suivrons l’ordre 
de ce tableau. Faute de materiel, il ne 
nous a pas été possible d’etudier le 
Degeneria et l’Himantandra. 


MAGNOLIACEES 


Les auteurs qui s'étaient occupé du 
prosenchyme ligneux des Magnoliacées 
(Mc Laughlin, 1933; Moll & Janssonius, 
1906 ) avaient signalé l’existence de fibres 
à ponctuations aréolées, à ouvertures obli- 
ques et croisées; ils attiraient l’attention 
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Fic. 2 — Schématique, montrant les princi- 
paux types d'éléments fibreux du bois secondaire. 
A, trachéide à ponctuations aréolées circulaires 
à ouvertures de même forme. B, trachéide à 
ponctuations aréolées circulaires à ouvertures en 
forme de boutonnières obliques et croisées ( type 
cycadéen). C, trachéides à ponctuations aréolées 
fortement étirées, réalisant dans leur ensemble 
le mode scalariforme. D, fibre-trachéide dont 
les fentes touchent le bord de l’aréole sans le 
dépasser. E, fibre-trachéide dont les fentes 
‘ dépassent sensiblement le pourtour de l’aréole. 
F, fibre libriforme (disparition complète de 
l’aréole ). 


sur ce fait que les fentes dépassent sen- 
siblement le pourtour de l’aréole. 

En examinant des coupes longitudinales 
de plusieurs espèces réparties dans les 
divers genres de cette Famille, nous avons 
constaté assez souvent la présence de 
fibres à ponctuations aréolées dont les 
ouvertures touchent le bord de l’aréole 
sans le dépasser ou ne font que très 
légèrement saillie en dehors sous l'aspect 
d’une dent minuscule. A part ce carac- 
tère, ces fibres se montrent identiques en 
tous points aux fibres-trachéides décrites 
précedémment. Les ponctuations sont dis- 
posées assez irrégulièrement; les espaces 
qui les séparent varient de 5 à 25 u et 


même d'avantage; les aréoles sont toujours 
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circulaires et leur diamètre atteint au 
maximum 3 u, 5 (Lemesle, 1946). 

Dans certaines espèces, le type que nous 
venons de signaler coexiste avec les fibres- 
trachéides déjà connues; c’est le cas le 
plus fréquent. Nous l’avons observé chez: 
Magnolia yulan Desf. originaire, de Chine; 
M. campbellii Hook f. et Thunb., de 
l'Himalaya ; M. obovata Thunb., du Japon; 
Manglietia glauca Blume, de Java ( Fig. 
3); M. hainanensis Dandy, de Tile 
d’Hainan; M. chevallieri Dandy, du Laos; 
Talauma ovata Saint-Hil, du Brésil; Lirio- 
dendron tulipifera L. ( Fig. 4 ), d'Amérique 
boréale; Alcimandra cathcartii Dandy, du 
Tonkin. 

Ailleurs, ce sont les fibres-trachéides à 
ouvertures fortement saillantes qui pré- 
dominent; il en est ainsi chez: Magnolia 
grandiflora L., originaire de Caroline; 
Manglietia fordiana Oliv., des iles Hong 
Kong; Talauma angatensıs F. Will., de 
Himalaya; T. Villariana Rolfe, des 
Philippines; Michelia baillonii (Pierre) 
Finet et Gagn., de l’Annam; M. punduana 
Hook f. et Thunb., de l'Himalaya; M. 
yunnanensis Franch. et M. floribunda 
Fin. et Gagn., de Chine; M. cumingii 
M. et R. et M. parviflora Nen., des Philip- 
pines. 

Enfin d’autres espéces se distinguent 
par la prépondérance des fibres a aréoles 
pourvues de fentes pas ou peu saillantes: 
Magnolia pterocarpa Roxb., de l’Hima- 
laya; Talauma pumila Blume, de Chine; 
Elmerillia sericea Dandy, des Philippines. 

Le prosenchyme ligneux des Magnolia- 
cées renferme donc 2 types de fibres a 
ponctuations aréolées que nous considérons 
l’un et l’autre comme des fibres-trachéides, 
en raison de la similitude de leurs prin- 
cipaux caractères. 

Quant aux vaisseaux ligneux, leurs 
perforations sont le plus souvent scalari- 
formes, avec un nombre de barreaux 
variant de 4 à 10. Sur leurs parois laté- 
rales, on remarque des ponctuations très 
rapprochées, fortement étirées dans le 
sens transversal, réalisant dans leur en- 
semble le mode scalariforme; ces ponctua- 
tions sont tantôt aréolées, tantôt simples; 
en ce dernier cas, au voisinage des per- 
forations, les ponctuations tendent à 
devenir elliptiques ou ovoides et à évoluer 
vers le type réticulo-ponctué, 
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Fic. 3 — Schématique. Manglietia glauca Blume. Coupe longitudinale du bois secondaire 
d'une tige: ff, fibres-tracheides; vsa, vaisseau à ponctuations aréolées scalariformes; vs, vaisseaux 
à ponctuations scalariformes simples; ps, perforations scalariformes. 


Fic. 4— Schématique. Liriodendron tulipifera L. Même explication que pour la figure 
précédente. 


Hallier (1912) pensait que les Magno- l'appareil végétatif de divers genres de 
liacées dérivaient des Anonacées; il atti- cette Famille et il les opposait à ceux des 
rait l'attention sur certains caractères Magnoliacées qu il considérait comme plus 
primitifs de la fleur, du fruit ainsi que de évolués. D’après lui; 
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1° Les grands et longs follicules polys- 
permes de plusieurs Anonacées, lesquels 
rappellent les carpelles de Cycas, réalisent 
une forme plus ancienne que les courts 
carpelles des Magnoliacées, à ovules peu 
nombreux. 

2° Les loges d’anthéres des Anonacées 
sont souvent loculées transversalement, 
rappelant ce que l’on observe chez les 
Marattiacées et les Bennettitales. Les 
anthères des Magnoliacées se composent 
de deux loges non septées. 

3° Chez plusieurs Anonacées, les bou- 
tons floraux sont complètement ouverts 
dès le plus jeune âge, particularité que 
l’on constate sculement chez un petit 
nombre de Dicotylédones primitives (quel- 
ques Résédacées et Capparidacées ); les 
boutons floraux des Magnoliacées s’ouv- 
rent seulement quand le périanthe est 
complètement développé. 

4° Quelques Anonacées telles que le 
Cananga ont des bourgeons ouverts, type 
plus ancien que les bourgeons fermés 
des Magnoliacées. 

Se basant sur ces diverses observations, 
Hallier estimait que les Anonacées se 
trouvent au dessous des Magnoliacées 
dans l'échelle des Dicotylédones. Nous 
reconnaissons tout l'intérêt de ses con- 
sidérations; mais, en nous basant tout 
d’abord sur la morphologie externe, nous 
mettrons en évidence certains caractères 
- qui nous semblent plus primitifs chez les 
Magnoliacées que chez les Anonacées: 

1° Le réceptacle floral des Magnoliacées, 
cylindro-conique, rappelle celui des Ben- 
-nettitales; il se prolonge souvent en une 
longue colonne qui porte les carpelles. 
Sauf chez l’Anona, il se montre beaucoup 
plus court chez la plupart des espèces 
d’Anonacées; en coupe longitudinale, il 
présente ordinairement la forme ovoide, 
hémisphérique, ou encore celle d’un cône 
surbaisse; il n’est même parfois que 
légèrement convexe (c’est ce que l’on voit 
chez Bocagea heterantha Baill. et Clathro- 
spermum barteri Baill.). a 

2° Les constituants de l’androcée et du 
gynécée des Magnoliacées réalisent tou- 
jours la disposition spiralée. Les Anona- 
cées, quoiqu’en général hémicycliques, 
nous offrent des exemples de groupement 
des étamines et des carpelles en verticilles 
trimères ( plusieurs espèces de Bocagea et 
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d’Orophoea). La fleur du Popowia, autre 
genre d’Anonacées, a des carpelles dis- 
posés en spirale; mais les étamines for- 
ment deux verticilles dont le plus externe 
peut avorter. 

3° Les carpelles sont toujours insérés 
en grand nombre, indéfini, sur le long 
réceptacle des Magnoliacées. Les Anona- 
cées présentent au contraire des cas assez 
fréquents où l’on ne compte que 5-6 car- 
pelles et même moins; certaines espèces 
possèdent un carpelle unique: Bocagea 
Gaudichaudiana Baill. 

4° Les fleurs sont apocarpes chez toutes 
les Magnoliacées. On observe la syn- 
carpie a placentation pariétale dans les 
diverses espéces du genre Monodora, les- 
quelles composent une des tribus des 
Anonacées. 

5° La spathe d’Eichler, si caractéristi- 
que des Magnoliacées, ne se retrouve pas 
chez les Anonacées. 

Le Magnolia pterocarpa Roxb., par ses 
carpelles prolongés en lames foliacées, 
réalise un type des plus archaïques; 
aussi cette espèce a-t-elle été qualifiée de 
“ fossile vivant ”. 

Nous envisagerons maintenant les car- 
actères anatomiques: 

1° Les fibres du xylème des Anonacées 
se font remarquer par les aréoles presqu’ 
imperceptibles; elles évoluent ainsi vers la 
fibre libriforme, le stade le plus perfec- 
tionné que l’on connaisse dans le prosen- 
chyme ligneux des Dicotylédones. Le 
bois secondaire des Magnoliacées se dis- 
tingue par la présence constante de véri- 
tables fibres-trachéides. 

2° Les vaisseaux ligneux des Anonacées 
sont caractérisés par la grande perforation 
simple, circulaire ou elliptique. Chez les 
Magnoliacées, on observe la fréquence des 
perforations scalariformes ( ordinairement 
6-15 barreaux, parfois 20-25 ). 

3° Les faces latérales des vaisseaux du 
bois des Anonacées sont pourvues de très 
petites ponctuations circulaires ou poly- 
gonales. En général, chez les Magnolia- 
cées, les ponctuations s’étirent fortement 
dans le sens transversal, de façon à pré- 
senter l’aspect scalariforme. Ces ponctua- 
tions sont parfois simples; mais dans tous 
les genres que nous avons examiné, nous 
voyons aussi des ponctuations aréolées 
scalariformes, analogues à celles que les 
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paléobotanistes ont signalé sur les faces 
des trachéides de Cycadeoidea ( Lignier, 
1900-1901; Wieland, 1916); ce type an- 
cestral se montre plus ou moins prédo- 
minant suivant les espèces. 

Il résulte de l’ensemble de ces obser- 
vations que non seulement la Famille des 
Magnoliacées ne dérive pas de celle des 
Anonacées, mais qu’elle lui semble nette- 
ment antérieure dans l’arbre généalogique 
des Dicotylédones Apocarpiques. 


# a * 


Ozenda (1949) est arrivé a des con- 
clusions analogues a la suite de ses recher- 
ches sur la structure du noeud foliaire de 
ces deux Familles. Reprenant le travail 
de Sinnot (1914), cet auteur a étudié 
chez les Magnoliales le nombre de lacunes 
ménagées dans le cylindre central de la 
tige par le départ des faisceaux foliaires; 
or, ce nombre varie suivant les familles et 
même les genres. On distingue ainsi, chez 
les Dicotylédones, 3 types dits uni-, tri-, 
ou multilacunaire, suivant que les fais- 
ceaux foliaires, en se séparant de la 
stèle du rameau, y ménagent une, trois 
ou un plus grand nombre de “ lacunes 
foliaires ”. 

Après une étude très approfondie de la 
question, Ozenda pense avec juste raison 
que le type primitif est une trace com- 
portant plus de 5 faisceaux avec autant de 
lacunes: ordinairement de 7 à 9, mais le 
chiffre s'élève parfois jusqu’ à 15 ( noeud 
multilacunaire ). 

A un degré moyen d'évolution, le chiffre 
ne dépasse pas 5 et se réduit plus souvent 
à 3 (noeud penta ou trilacunaire). Enfin 
dans les groupes les plus évolués, le fais- 
ceau unique ne ménage qu'une lacune 
(noeud unilacunaire ); cependant ce fais- 
ceau émergent unique peut se diviser dès 
son origine. 

Chez une trentaine d’espèces de Magno- 
liacées réparties dans 10 genres, puis chez 
20 Anonacées ( 12 genres ), Ozenda ( 1949 ) 
a suivi la course des faisceaux foliaires à 
partir de leur émergence de la stèle de la 
tige. Il en conclut, chez les Magnolia- 
cées, à la grande prédominance du noeud 
multilacunaire (7 à 9 dans tous les 
genres, sauf le Michelia où le nombre se 
réduit à 3-5 ), et à la constance du noeud 
trilacunaire chez les Anonacées, 
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Les données de la structure nodale se 
trouvent ici en pleine corrélation avec 
celles de l’histologie du xylème. 


SCHIZANDRACÉES 


Les genres Schizandra L. et Kadsura J., 
classés d’abord dans les Magnoliacées par 
Bentham et Hooker (1862), en ont été 
séparés par Hutchinson (1926b). Cet 
auteur les a rangé dans la Famille des 
Schizandracées, laquelle diffère par le 
port lianoide, l’unisexualité des fleurs, 
les carpelles bi-ovulés, puis surtout la dis- 
position spiralée des sépales et des 
pétales. 

Nous avons examiné le prosenchyme 
ligneux des espèces suivantes:  Schi- 
zandra propinqua Hook f., S. grandiflora 
Hook f., S. elongata Hook f., S. axillaris 
Hook et Thunb., originaires de l’Hima- 
laya; Schizandra pubescens Hemsl. et 
Wils., S. henryi Clarke, S. sphaerandra 
Stapf., S. sphaenanthera Rehd. et Wils, 
originaires de Chine; Schizandra crassi- 
folia Pierre et Gagnep., S. verrucosa 
Gagnep., d’Indochine; Schizandra perulata 
Gagnep., du Tonkin (Fig. 5); Schizandra 
nigra Maxim., du Japon; Schizandra 
coccinea Michx. d’Amérique boréale. 

Kadsura chinensis Hance, K. peltigera 
Rehder, K. discigera Finet et Gagnep., 
K. lanceolata King., K. oblongifolia Merril, 
originaires de Chine; Kadsura roxburgiana 
Arn., de l'Himalaya; Kadsura haïnanensis 
Merril, de l’île Hainan; Kadsura scandens 
Blume, de Java. 

Dans toutes ces espéces, les fibres du 
xyléme sont pourvues, sur toutes leurs 
faces, de ponctuations aréolées circulaires, 
dont les ouvertures présentent la forme 
d’etroites boutonniéres obliques par rap- 
port a l’axe. Parfois les fentes d’une même 
ponctuation restent parallèles entre elles; 
mais plus souvent, elles s’entrecroisent en 
X; ces ouvertures n’atteignent pas le 
pourtour de l’aréole, dont le diamètre 
varie de 6 à 8 u; ces ponctuations, assez 
rapprochées les unes des autres, sont 
ordinairement disposées sur une seule file. 

Par la morphologie de leurs aréoles, ces 
fibres sont comparables aux trachéides 
bien connues dans les faisceaux pétiolaires 
du Cycas. En effet, l'examen de coupes 
longitudinales des pétioles de Cycas 
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Fic. 5 — Schématique. 
daire d’une tige: 
simples; ps, perforations scalariformes. 


Fic. 6 — Cycas neo-caledonica Linden. 


Schizandra perulata Gagnep. Coupe longitudinale du bois secon- 
ty, trachéides a ponctuations aréolées; vs, vaisseaux à ponctuations scalariformes 


Fragment de trachéide d’un faisceau pétiolaire, vu 


en coupe longitudinale; on remarque les ponctuations aréolées à ouvertures obliques et croisées. 


vevoluta L., C. madagascariensis Miq. et 
Cycas neo-caledonica Linden ( Fig. 6); nous 
a révélé la prédominance de ponctuations 
aréolées, de forme circulaire ou elliptique; 
elles sont rapprochées et disposées en 
files régulières; leur diamètre varie ordi- 
nairement de 6 à 10 u; mais il peut 
s'élever jusqu’ à 18 u; leurs ouvertures 
offrent l'aspect de boutonnières étroites 


et allongées, entrecroisées en X et elles 
n’atteignent jamais le pourtour de l’aréole, 

Il y a lieu d'établir, d'autre part, une 
analogie entre les fibres ligneuses des 
Schizandracées et les trachéides décou- 
vertes par Lignier ( 1900-1901 ) chez le 
Cycadeoidea micromyela Mor., Bennetti- 
tale trouvée dans le Lias moyen du Cal- 
vados. 
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Nous donnons le terme de “ trachéides 
du type cycadéen ” à de telles fibres à 
ponctuations aréolées dont les ouvertures 
étirées en forme de fentes, souvent croisées 
en X, n’atteignent pas le pourtour de 
l’aréole. 

Chez ces diverses espéces de Schizandra 
et de Kadsura, les vaisseaux du bois 
secondaire sont de section ovale ou 
polyédrique à angles mouses; leur calibre 
varie de 30 à 100 u. Leurs parois late- 
rales présentent souvent le type scalari- 
forme auquel s'associe de temps en temps 
le mode réticulé ou réticulo-ponctué. Les 
perforations sont fréquemment scalari- 
formes avec un nombre de barreaux 
variant ordinairement de 8 à 15; ce 
chiffre s’eleve parfois jusqu’ à 30 et 
davantage, mais il peut aussi se réduire 
à 3; on voit même, par places, quelques 
perforations simples. 

Du point de vue phylogénétique, la 
considération exclusive des vaisseaux nous 
amènerait à placer les Schizandracées au 
même niveau que les Magnoliacées dans 
l'échelle des Dicotylédones Apocarpiques; 
le bois secondaire se fait remarquer en 
effet, par la prédominance des vaisseaux 
scalariformes. Mais il n’en est plus de 
même si l’on se base sur les ponctuations 
des fibres. Les aréoles des Schizandra- 
cées manifestent un degré d’archaisme 
incontestablement plus accentué que celles 
des fibres-trachéides des Magnoliacées. 
Puis, une autre particularité histologique 
intervient pour assigner un rang plus 
primitif à la Famille des Schizandracées: 
La présence dans l'écorce et le liber, 
d'éléments scléreux à paroi incrustee de 
cristaux d’oxalate de calcium; ces curieux 
éléments, déjà signalés par Matsuda 
(1894), ont été retrouvés par nous dans 
toutes les espèces de Schizandra et de 
Kadsura examinées (Figs. 7, 8). De 
semblables cellules scléreuses à paroi 
incrustée de ces même cristaux, ne se 
rencontrent que très rarement chez les 
Phanérogames et uniquement dans cer- 
tains genres archaïques: Araucaria, Wel- 
witschia, Nuphar. 

Enfin, par leurs fleurs acycliques, les 
Schizandracées se montrent plus pri- 
mitives que les Magnoliacees. 

C’est en nous basant sur ces considera- 
tions que nous avons placé les Schizan- 
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dracées à la base de l’öchelle des Dicoty- 
ledones Apocarpiques. 


ILLICIACÉES 


Van Tieghem (1900) a retranché des 
Magnoliacées le genre Jllictum pour en 
faire le représentant de la famille des 
Illiciacées. Ce genre se distingue par les 
carpelles uniovulés, la déhiscence sutu- 
rale des follicules et aussi par le type 
acyclique de la fleur dont les constituants 
suivent le trajet d’une spirale (les car- 
pelles ne se montrent verticillés qu'en 
apparence ). 

Nous avons entrepris l’étude structurale 
des epèces suivantes: Jllictum henryi 
Diels, I. fargesi Fin. et Gagnep., origi- 
naires de Chine; Zlicium manipurense 
Watt., de l’ Inde; Illicium griffithsii Hook., 
du Tonkin; Jllicium’ anisatum L., du 
Japon. 

Le prosenchyme ligneux des tiges de 
ces plantes se compose de fibres à ponc- 
tuations aréolées semblables à celles des 
Schizandracées ; mais ici, les aréoles sont, 
assez souvent, un peu plus espacées les 
unes des autres; leur diamètre atteint 7 u. 

Les vaisseaux du bois de ces espèces se 
font remarquer par le grand nombre de 
barreaux de leurs perforations scalari- 
formes (parfois près de 100). Leurs faces 
latérales sont munies de ponctuations 
aréolées de 2 types: les unes étirées trans- 
versalement, réalisant le mode scalariforme, 
les autres circulaires ou elliptiques, à 
ouvertures en forme de boutonnières dont 
les extrémités n’atteignent pas le pourtour 
de l’aréole. 

Par ses fleurs acycliques, par le nombre 
considérable de barreaux des perforations 
scalariformes, par le prosenchyme con- 
stitué exclusivement de trachéides à 
ponctuations aréolées du type cycadéen, 
la Famille des Illiciacées se montre nette- 
ment plus primitive que celle des Magno- 
liacées. 

Cependant, chez les Illiciacées, deux 
caractéres apparaissent comme des indices 
d’un degré d’évolution déja plus poussé que 
celui des Schizandracées : chez les premières, 
les ponctuations aréolées des trachéides 
restent plus espacées; puis l’&corce et le 
liber des Illiciacées sont to talement dé- 
pourvus de ces éléments sclérenchymateux 


— = = 
B= 8 SS 0S Sg =o S— a 


Susan u 


Sn Zen 
= DZ ——— = = 3 
= = = y 


== a = SS 
DS SES SS SS SSS Sa 


ETS — —— 
EE Lf kg zo een EE DJS 


ET ———— ? ? EES SS — 
EEE EEE rer erstere 


—— == 


Fic. 7 — Schizandra propinqua Hook f. Un fragment de la zone corticale externe d’une 
tige (en coupe longitudinale ); on remarque trois éléments sclérenchymateux à paroi incrustée de 


cristaux d’oxalate de calcium. Gr.: 320. 


Fic. 8 — Schizandra propingua Hook f. Un fragment du liber secondaire d’une tige (en 
coupe longitudinale ); on remarque des portions d'éléments sclérenchymateux à paroi incrustée 


de cristaux d’oxalate de calcium. Gr.: 320. 
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à parois incrustées de cristaux, si abon- 
dants chez les Schizandracées. 

Les Illiciacées, à notre avis, méritent 
donc d'occuper, dans l'arbre généalogique 
des Dicotylédones Apocarpiques, un rang 
un peu supérieur à celui des Schizandra- 


cées, mais sensiblement inférieur à celui 
des Magnoliacées. 


EUPTELEACÈES ET CERCIDIPHYLLACÈES 


Au genre Trochodendron, Seemann et 
Eichler avaient associé dans la famille des 
Trochodendracées le genre Euptelea de 
Siebold et Zuccarini. Plus tard, Maxi- 
mowicz (1871) y joignait le g. Cercidi- 
phyllum des mêmes auteurs. 

Ces adjonctions n'étaient pas très bien 
fondées. Ces deux genres n’ont de com- 
mun avec le Trochodendron que le péri- 
anthe rudimentaire et le nombre indéter- 
mine des étamines. Ils s'en éloignent 
tous deux par d'importants caractères 
structuraux de la tige: le bois secondaire 
différencié en vaisseaux et en fibres, le 
péricycle qui ne forme pas d’anneau 
scléreux continu, puis l'absence de sclé- 
rites ramifiés dans l'écorce et la moelle. 
Van Tieghem (1900) a séparé ces deux 
genres de la Famille des Trochoden- 
dracées; chacun d’eux constitue désormais 
le représentant d’une Famille autonome: 
Euptéléacées, Cercidiphyllacées. 

Le genre Euptelea renferme 5 espèces 
arborescentes répandues en Chine, au 
Tibet et au Japon; les feuilles sont isolées, 
simples, sans stipules, à limbe penni- 
nerve denté. D’après Van Tieghem, ce 
genre s'éloigne du Trochodendron par 
l'écorce qui contient de grandes cellules 
hyalines à mâcles sphériques, par les 
carpelles libres très longuement stipites 
qui deviennent des samares. 

Les deux espèces de Cercidiphyllum sont 
originaires du Japon. D’après Van Tie- 
ghem, ce genre se distingue par une dif- 
férenciation de la tige en rameaux courts 
et en rameaux longs, par les feuilles 
opposées, cordées, palminerves, par la 
gaine foliaire prolongée en une ligule 
bifide, par le liber secondaire stratifié et 
enfin par le fruit folliculaire. 

Au point de vue phylogénétique, ces 
deux Familles possèdent quelques carac- 
tères primitifs communs: la disposition 
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spiralée des étamines, le connectif pro- 
longé en un bec saillant, l'embryon minime 
entouré d’un volumineux albumen. Dans 
le même sens, l’Euptelea se fait remarquer 
par les nombreux carpelles, sans style, 
à suture latérale pourvue de papilles stig- 
matiques et le Cercidiphyllum par la 
pluralité des ovules dans chaque carpelle 
en même temps que par la nature fol- 
liculaire du fruit. 

Par contre, dans ces deux genres, un 
degré de perfectionnement est déjà réalisé 
par la diclinie, auquel s'ajoute, chez le 
Cercidiphyllum, l'insertion à chaque noeud 
de deux feuilles opposées, disposition 
évoluée exceptionnelle dans l’ordre des 
Magnoliales. 

D'autre part, Solereder ( 1885 ), Bailey 
et Thompson (1918), puis Mc Laughlin 
(1933) ont signalé la présence d’un 
caractère structural archaïque commun 
aux 2 genres: les perforations scalari- 
formes des vaisseaux pourvues d’un grand 
nombre de barreaux. 

Il restait à décrire la morphologie des 
constituants du prosenchyme ligneux chez 
les Euptéléacées et les Cercidiphyllacées. 
Dans ce but, nous avons entrepris l'étude 
des espèces suivantes: Euptelea francheti 
Van Tieg., E. davidiana H. Bn., origi- 
naires de Chine; Euptelea pleiosperma 
Hook. f., du Tibet; Euptelea polyandra 
Sieb. et Zucc., du Japon. Dans le xyleme 
de ces espèces, les fibres forment des files 
radiales régulières; leurs faces se mon- 
trent toujours pourvues de ponctuations 
aréolées d’un diamètre de 3 u, 5. Ces 
ponctuations sont ordinairement plus 
nombreuses que chez les Magnoliacées, 
disposées plus ou moins régulièrement en 
une, deux ou trois rangées souvent très 
rapprochées, quelquefois cependant sépa- 
rées par des espaces qui varient de 8 à 
20 u. Les aréoles sont circulaires, leurs 
ouvertures étirées en forme de fentes 
obliques et croisées. D’après Mc Laugh- 
lin ( 1933 ), ces fentes dépassent fortement 
le diamètre de l’aréole; nous observons 
parfois ce caractère dans les 4 espèces 
examinées; mais, le plus souvent, nous 
constatons que les fentes touchent la 
circonférence sans faire saillie au dehors 
( Lemesle 1946), ( Fig. 9). 

Nous signalons ainsi, chez les Euptel- 
éacées, la prédominance de ce nouveau 
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Fig. 9 — Schématique. 


daire d’une tige: jf, fibres-tracheides; 


simples; pls, parenchyme ligneux sclérifié. 


type de fibres-trachéides identique à celui 
que nous avons découvert auparavant 
chez les Magnoliacées. Nous devons 
mentionner, d’autre part, dans le bois 
secondaire de ces diverses espèces d’Eup- 
telea, un autre caractère: la présence 
fréquente, sur les faces latérales des vais- 
seaux, de ponctuations aréolées sem- 
blables à celles des fibres: les ouvertures 
obliques et croisées atteignent le plus 
‘souvent le pourtour de l’aréole. Chez 
ces mêmes plantes, d’autres vaisseaux se 
distinguent par l'existence, sur leurs 
faces latérales, de ponctuations simples, 
étirées transversalement, réalisant dans 
leur ensemble le type scalariforme ( Fig. 
9). Dans tous ces vaisseaux, les perfora- 
tions sont toujours fortement obliques, 
scalariformes; et la nombre des barreaux 
s'élève parfois jusqu’ à 90. 

Chez le Cercidiphyllum japonicum S. et 
Zucc., le prosenchyme ligneux de la tige 
se compose de fibres à parois épaisses, dis- 
posées en files radiales régulières; leurs 
faces sont pourvues de ponctuations 
aréolées circulaires d’un diamètre de 5 à 
7 u; les ouvertures ont la forme de bouton- 
nières obliques et croisées; ici, elles at- 
teignent environ la moitié du diamètre 
de l’aréole. Les ponctuations des faces 
latérales des vaisseaux ligneux, tantôt 
simples, tantôt aréolées, sont toujours 


Euptelea francheti Van Tieg. Coupe longitudinale du bois secon- 
a, leurs ponctuations aréolées; ve, 
tions aréolées semblables à celles des fibres-trachéides: 


vaisseaux à ponctua- 
vs, vaisseau à ponctuations scalariformes 


fortement allongées transversalement ; elles 
réalisent le mode scalariforme. 

La Famille des Cercidiphyllacées pré- 
sente ainsi 3 caractères structuraux ar- 
chaïques: 

1° Le prosenchyme constituté exclusive- 
ment de trachéides à ponctuations aréolées 
du type “ cycadéen ” 

2° Le grand nombre des barreaux des 
perforations scalariformes des vaisseaux 
leqiiel tsiéleve jusqu 73730... 

3° Les ponctuations fortement étirées 
de leurs faces latérales (type scalariforme). 

Si nous nous basons, en première ligne, 
sur l’histologie du bois secondaire, nous 
serons amené à placer la famille des 
Cercidiphyllacées, au point de vue phylo- 
génétique, à côté de celle des Illiciacées. 
Quant à la famille des Euptéléacées, elle 
se rapproche des Magnoliacées par la 
présence constante de fibres-trachéides 
dans le bois secondaire; mais en tenant 
compte du nombre sensiblement plus 
considérable des barreaux de ses perfora- 
tions scalariformes, nous devons lui assig- 
ner un rang intermédiaire entre les 
Illiciacées et les Magnoliacées. 


» 
HOMOXYLEES 


Chez les genres Trochodendron, Tetra- 
centron, Drimys, Belliolum, Bubhia, Exo- 
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spermum, Zygogynum, le bois secondaire se 
compose exclusivement de rayons médul- 
laires et de trachéides à ponctuations 
aréolées. Se basant sur cette particularité 
structurale, Van Tieghem ( 1918 ) a séparé 
tous ces genres, non seulement de la 
Famille des Magnoliacées, mais de tous 
les autres ordres de Dicotyledones; il les 
a groupé dans la sous classe des Homoxy- 
lées, qui renferme l'unique ordre des 
Drimytinées subdivisé en 3 Familles: 
Trochodendracées, Tétracentracées et Dri- 
mytacées. 

Nous ne sommes pas partisan d’une 
séparation aussi accentuée. D'ailleurs 
quelques rares espèces de Dicotylédones, 
lesquelles occupent une position systé- 
matique fort différente, se font remarquer 
aussi par un bois secondaire d'apparence 
homogène, vu en coupes transversales; 
nous relaterons bientôt nos observations 
sur ces plantes fort curieuses dont nous 
comparerons le bois à celui des Magno- 
liales Homoxylées. 

Récemment, plusieurs auteurs ( Beille, 
1935; Rendle, 1925; Wettstein, 1935) 
ont placé dans les Magnoliacées non seule- 
ment le Schizandra, le Kadsura et l’Illi- 
cium, mais encore le Drimys; ils réunissent 
ainsi dans la même famille les genres à 
bois hétérogène et à bois homogène. 

A ces deux systèmes de classification 
nettement opposés, nous préfèrons celui 
que nous avons retracé dans le tableau 
précédent. Il ne nous a pas paru néces- 
saire d'entreprendre de nouvelles recher- 
ches sur la structure de ces Homoxylées, 
laquelle a fait l’objet d'importants tra- 
vaux ( Bailey, 1918, 1944, 1945; Eichler, 
1864; Gröppler, 1894; Gupta, 1934; 
Harms, 1897; Jeffrey, 1916; Solereder, 
1885; Van Tieghem, 1900). 

Nous rappellerons brièvement la nature 
de leurs trachéides, dont les ponctuations 
aréolées présentent deux types principaux: 

1° Des ponctuations circulaires ou 
légèrement elliptiques, avec ouvertures en 
forme de boutonnières, ordinairement 
croisées en X et n’atteignant pas le 
pourtour de l’aréole. 

2° Des ponctuations fortement étirées 
transversalement, de façon à réaliser dans 
leur ensemble le mode scalariforme. 

Une telle association de ponctuations 
aréolées se retrouve dans un groupe ex- 
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clusivement fossile, les Bennettitales, qui 
ont joué un rôle considérable dans la flore 
du Mésozoïque; cette intéressante parti- 
cularité histologique se montre prin- 
cipalement chez certaines espèces de 
Cycadeoidea: C. dartoni, C. wielandi, C. 
painei décrits par Wieland (1916), C. 
micromyela Mor. étudié par Lignier 
( 1900-1901 ). 


Ipécacuanhas 


\ . . \ 
A Bois Secondaire Homogene 


du bois secondaire, 
caractère extrèmement rare chez les 
Angiospermes, était cependant connue 
chez quelques espèces fort éloignées des 
Magnoliales au moint de vue systématique. 
Elle avait été signalée par Ménier (1871), 
Charles ( 1878 ) et Jacquemet ( 1889 ) dans 
les racines de ces 3 Rubiacées désignées 
dans le langage pharmaceutique sous le 
terme d’Ipécacuanhas: 1° Uragoga grana- 
tensis Baillon, Cofféée qui croit en Co- 
lombie, dans les vallées des riviéres Sinu 
et Arato (Ipéca annelé majeur). 2° 
Uragoga ipecacuanha Baillon=Cephaelis 
ipecacuanha A. Rich., herbe vivace 
originaire des forêts brésiliennes, surtout 
de la province de Matto Grosso ( Ipeca 
annelé mineur). 3° Psychotria emetica 
Mutis, Rubiacée Cofféée des foréts de 
Nouvelle Grenade et du Pérou ( Ipéca strié 
majeur ). 

Les traités de Micrographie pharma- 
ceutique mentionnaient dans le bois de ces 
racines la présence de fibres et de tra- 
chéides, mais ils n’en determinaient pas 
la nature exacte. C’est dans le but de 
préciser la morphologie de ces éléments 
que nous entrepris une étude histologique 
approfondie de ces organes. De plus, 
cette homogénéité du xylème de la racine 
se retrouve-t-elle dans la tige? C’est 
également ce que nous cherché ( Lemesle, 
1947 ). 


L’homogeneite 


URAGOGA GRANATENSIS Baillon 


Racines — Vu en coupe transversale, le 
bois secondaire de la racine de cette es- 
pèce est divisé en nombreux secteurs par 
des rayons médullaires uni ou bisériés 
dont les constituants se montrent tantôt 
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isodiametriques, tantöt plus ou moins al- 
longes dans le sens radial. L’examen des 
coupes longitudinales permet de constater 
que ces secteurs renferment: 

1° Des éléments slérifiés de 80 à 475 u 
de longueur, à extrémités le plus souvent 
effilées, rarement obtuses; leurs faces 
radiales et tangentielles sont pourvues de 
nombreuses ponctuations aréolées cir- 
culaires ou elliptiques, très rapprochées, 
disposées en 2 à 4 rangées. Le diamètre 
des aréoles ne dépasse pas 3 u, 5; leurs 
ouvertures étirées, en forme de bouton- 
nières, n’atteignent pas le pourtour de la 
ponctuation ( Fig. 10); parfois, les fentes 
d'une même aréole restent parallèles 
entre elles; mais, le plus fréquemment, 
elles s’entrecroisent en X. De tels élé- 
ments présentent ainsi l’aspect morpho- 
logique de trachéides, mais ils se font 
remarquer par une particularité non 
signalée jusqu'alors chez ces dernières: 
l’existence de perforations simples, de 
forme circulaire (environ 11 u de dia- 
mètre ) ou elliptique (le plus grand dia- 
mètre varie de7à 154). Ces perforations 
se trouvent souvent au voisinage des 
extrémités des trachéides (Fig. 10, A); 
en ce cas, la superposition de ces éléments 
leur permet de jouer le rôle de véritables 
vaisseaux ouverts. On voit aussi des 
perforations situées plus ou moins loin des 
extrémités, parfois même vers le milieu 
(Fig. 10, B et C), établissant une com- 
munication entre deux trachéides juxta- 
posées. Nous désignons ces curieux 
éléments conducteurs sous le terme de 
 “trachéides ouvertes’’ ou encore sous 
celui de “ fibres aréolées conductrices ”’. 

2° De véritables trachéides organisées 
comme les précédentes, mais dépourvues 
de perforations; nous les appelons “ tra- 
chéides vraies ” 

3° Des fibres-trachéides de 250 à 350 u, 
très effilées aux extrémités; leurs aréoles 
sont plus petites (2 x), plus espacées, 
plutôt irrégulièrement disposées, longue- 
ment dépassées par les fentes entrecroi- 
sées en X. Leur cavité est souvent divisée 
en compartiments par de minces septa de 
nature pecto-cellulosique. 

4° Des files de cellules de parenchyme 
sclérifié anombreuses ponctuationssimples. 

On observe parfois la presence de 
grains d’amidon dans la cavité des fibres- 
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Fig. 10 — Schématique. Trachéides à ponctua- 
tions aréolées d’une racine d’ Uvagoga granatensis 
Baill., en coupe longitudinale: A, B, trachéides 
dont les perforations simples p, sont vues de 
face; C, trachéide dont la perforation p est vue 

de profil. 


trachéides et des cellules de parenchyme 
ligneux sclérifié. 

Tige aérienne — Le bois secondaire de 
la tige aérienne de cette espèce est or- 
ganisé comme celui de la racine, mais les 
coupes transversales révèlent une certaine 
hétérogénéité: les fibres-trachéides dont 
le diamètre ne dépasse guère 15 u se 
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distinguent nettement des trachéides per- 
forées ou non, dont le calibre varie de 
18 à 42 u. 


URAGOGA IPECACUANHA Baillon 


Racine — Les constituants du cylindre 
ligneux de la racine sont les mêmes que 
dans l’espèce précédente. Toutefois ici, 
les cavités des fibres-trachéides, des cellu- 
les du parenchyme sclérifié et des rayons 
médullaires sont complètement bourrées 
de grains d’amidon. De plus, les aréoles 
des trachéides tendent parfois à s’etirer 
dans le sens horizontal, présentant alors 
légèrement, dans leur ensemble, le type 
scalariforme. 

Tige aérienne — La structure du bois 
secondaire de la tige est analogue, mais les 
cavités des fibres-trachéides et des cellules 
parenchymateuses sont dépourvues de 
grains d’amidon. 


PSYCHOTRIA EMETICA Mutis 


Racine — Examiné en coupe transver- 
sale, le xylème de la racine de cette 
espèce montre une complète homogénéité. 
Les secteurs du bois secondaire renfer- 
ment les divers éléments signalés dans les 
deux plantes précédentes. 

Rhizome — La drogue connue sous le 
nom d’ “ Ipeca strié majeur ”” est con- 
stituée aussi fréquemment par les rhizo- 
mes que par les racines du Psychotria 
emetica. Le cylindre ligneux du rhizome 
se fait remarquer, même en coupe trans- 
versale, par une hétérogénéité accentuée. 
De larges zones tangentielles de grandes 
cellules parenchymateuses à paroi scléri- 
fiée viennent alterner avec des anneaux 
de tissus conducteur et de soutien; ces 
derniers sont parfois aussi coupés, dans 
le sens radial, par des bandes de ce même 
parenchyme. Le diamètre transversal de 
ces zones tangentielles varie beaucoup, 
leur bord externe étant fortement sinu- 
eux. 

Quant aux anneaux ligneux séparés par 
ces formations parenchymateuses, ils se 
montrent divisés en nombreux secteurs 
par des rayons médullaires uni ou bisériés. 
Ces secteurs se composent: 

1° De trachéides à ponctuations aréo- 
lées organisées comme précédemment, les 
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unes pourvues de perforations simples, les 
autres sans perforations. 2° De fibres- 
trachéides. 3° De files longitudinales de 
parenchyme sclérifié. Ici, contrairement 
à ce que nous observions dans les organes 
déjà décrits, les parois des fibres-trachéides 
sont beaucoup plus épaisses ( jusqu’à 6u) 
que celles des trachéides perforées ou non 
(à peine 2 u); de plus, le lumen des 
fibres-trachéides ne dépasse pas 6 u, 
celui des trachéides varie de 15 à 25 u. 

Tige aérienne — Le bois secondaire de 
la tige aérienne forme un anneau complet 
divisé par des rayons médullaires en 
nombreaux secteurs organisés comme ceux 
du rhizome. Mais on constate ici l’ab- 
sence de ces zones tangentielles et radiales 
de parenchyme sclérifié lesquelles viennent 
interrompre les régions fibreuses et con- 
ductrices du xyléme du rhizome. 


* * * 


Ces trois Rubiacées se font donc remar- 
quer par la présence de trachéides a 
ponctuations aréolées dans le bois secon- 
daire de leurs racines et de leurs tiges 
aériennes. Certaines de ces trachéides 
se distinguent par l'existence de perfora- 
tions simples, lesquelles proviennent sans 
doute de la coalescence de plusieurs 
aréoles voisines. Ces perforations se trou- 
vent d'ordinaire à une faible distance 
des extrémités; aussi la superposition 
de tels éléments leur permet-elle de 
remplir vraisemblablement le rôle de 
vaisseaux parfaits. Nous désignons ces 
éléments sous le terme de “ trachéides 
ouvertes ” ou ‘fibres aréolées conduc- 
trices ””, lesquelles s'opposent aux tra- 
chéides déjà connues dépourvues de per- 
forations; nous réservons à ces dernières 
le terme de “ trachéides vraies ”. 

Ces deux types de trachéides coexistent 
ainsi dans les organes végétatifs souterrains et 
aériens de l’Uragoga granatensis, de l’Ura- 
goga 1pecacuanha et du Psychotria emetica® 
A ces trachéides se joignent, dans le 


2. Ces deux types de trachéides s'associent 
d'autre part dans les racines de Manettia ignita 
Schum., Rubiacée Cinchonée répandue au Brésil, 
au Pérou et en Bolivie; ces racines constituent 
la drogue connue sous le nom d’ “ Ipeca strié 
mineur’. Les trachéides ouvertes se rencon- 
trent aussi dans les racines de Richardsonia 
scabra Kunth., Rubiacée Cofféée originaire du 
Mexique et du Brésil; ces organes constituent 
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cylindre ligneux de ces trois Rubiacées, 
des fibres-trachéides et des files de cellules 
de parenchyme sclérifié. 

L’homogénéité du bois des racines n’est 
donc qu’apparente; elle diffère sensible- 
ment de I’ “ Homoxylie ” des Drimyta- 


I’ “ Ipéca ondulé ” ou “ Ipéca blanc ”; mais ici 
les trachéides ouvertes se montrent en petit 
nombre, tandis que les trachéides vraies prédo- 
minent. Nous mettons à part ces 2 espéces, car 
leur xyléme est formé de fibres et de vaisseaux 
de calibre trés différent. Ces deux sortes d’ 
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cées, des Trochodendracées et des Tétra- 
centracées, caractérisée par la présence 
exclusive de trachéides à ponctuations 
aréolées de type tantôt cycadéen, tantôt 
scalariforme. 

De plus, les trachéides perforées ou non 
de nos Ipécas se distinguent par leurs 
aréoles plus nombreuses et plus petites 
que celles des trachéides déjà connues 
d'une part chez les Homoxylées, d'autre 
part dans certaines Familles de Dicotylé- 
dones Apocarpiques à xylème hétérogène, 


Ipécas se distinguent par leur bois secondaire telles que les Schizandracées et les 
hétérogène. Illiciacées. 
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DEVELOPMENT OF THE EMBRYO SAC, ENDOSPERM 
AND EMBRYO IN ISOMERIS ARBOREA — 
A REINVESTIGATION 


P. MAHESHWARI & REAYAT KHAN 
University of Delhi, Delhi, India, and University of Aligarh, Aligarh, India 


Introduction 


Isomeris is a monotypic genus of the 
family Capparidaceae which is common 
in the deserts of California. The em- 
bryology of I. arborea has been studied by 
Billings (1937) who wrote a paper en- 
titled, “ Some new features in the re- 
productive cytology of angiosperms, illus- 
trated by Isomeris arborea’’. The dev- 
elopment of the embryo sac and embryo, 
as described by Billings, is so unusual and 
unique that a reinvestigation has been 


considered desirable ( see Gustafsson, 
1947; Maheshwari, 1941, 1946, 1947, 1950; 
Tischler, 1942-43). The observations of 
Billings may be summarized by presenting 
a few quotations from his paper: 

(1) “ There is no true meiosis nor 
syngamy in the species” ( Billings, 1937, 
6308, 

(2) “ An examination of such material 
in the sporogenous cell stage, and fol- 
lowing, plainly indicates that the cell 
typically develops directly into the em- 
bryo sac without the formation of mega- 
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spores. A single instance was observed, 
however, in which they were present, and 
their position and appearance were quite 
in accord with what would have been ex- 
pected in such an instance ” ( p. 307). 

(3) “ The nuclei of the binucleate em- 
bryo sac separate and take positions such 
that one lies over the other with a vacuole 
between” (p. 307). “The nucleus nearer 
the micropyle undergoes a division, and 
while the spindle was not observed, the 
position of the daughter nuclei indicates 
that it is approximately transverse to the 
long axis of the embryo sac. The three 
nuclei constitute the typical number for 
embryo sacs of the species... The two 
upper, of pyriform shape with their asso- 
ciated cytoplasm, resemble synergids and 
are doubtless truly such. The lower 
nucleus may appear like an egg but 
perhaps more like an endosperm nucleus. 
There is a complete absence of polar 
nuclei and antipodals ” (p. 309). ‘No 
true egg is formed” ( p. 325). 

(4) “ The first stage in development 
beyond the 3-nucleate mature embryo sac 
is the formation of endosperm from the 
nucleus that lies near the synergids. Con- 
siderable interest and importance attaches 
to this nucleus. .. While endosperm is the 
first tissue formed, it should be realized, 
as will be described in full later, that this 
nucleus with its cytoplasm is the ancestral 
cell of the embryo” (p. 312). “ Free- 
cell formation! is the first step in endo- 
sperm development... As endosperm 
develops further in the free-celled state’, a 
. second and different type? of endosperm 
arises from it which is here designated as 
modular (p. 313). “A third kind? of 
endosperm arises from the extra-nodular 
free nuclei and their surrounding cyto- 
plasm. This is a cellular type which is in 
marked contrast in appearance to the 
other two” (p. 315). 


’ 


1. By this “ free-cell formation” Billings 
obviously means free nuclear division or forma- 
tion of free nuclei imbedded in cytoplasm but 
not cell formation. 

2. In usual terminology this would mean a 
free nuclear state. 

3. This expression obviously does not mean a 
different type of endosperm but simply another 
phase in endosperm development. 

4. This, again, must mean a third or final 
phase in endosperm development, 
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(5) “ By an almost invariable rule the 
embryo arises near the bottom of the long 
arm of the embryo sac, a position which is 
about equidistant from the micropylar 
and chalazal ends... In all young em- 
bryos observed there was found to be a 
very direct connexion between them and 
the nodular type of endosperm... The 
first noticeable sign is the extension of the 
chalazal end of some endosperm nodule 
into a blunt point” ( p. 316 ). “ The blunt 
point soon extends itself into a cylindrical 
process into which some of the adjacent 
nuclei migrate. About this time there 
generally forms a series of curved walls 
across the nodule, which when seen in 
section present their concave surfaces 
toward the endosperm process mentioned 
above... Approximately simultaneously 
with the formation of the curved walls in 
the nodules, cross walls originate within 
the nodular process and separate the con- 
tained nuclei into one- to several-nucleate 
cells. The cylindrical process is now 
distinctly recognizable as a pro-embryo. . . 
Further development results in the differ- 
entiation of the proximal portion of the 
pro-embryo (that next to the nodule ) 
into a suspensor, and of the distal part 
into the embryo proper ” ( p. 318). 

The present reinvestigation concerns the 
development of the female gametophyte, 
the endosperm and the embryo. It has 
been found that while the development of 
the embryo sac is perfectly normal and 
conforms to the monosporic 8-nucleate 
Polygonum type, the exact origin of the 
embryos still remains undecided. 


Previous work 


Although the only work on /someris is 
that of Billings (1937), several other 
plants of the family Capparidaceae have 
been investigated by different workers. 
Earlier investigators ( Guignard, 1893a, b; 
Orr, 1921a, b, c, d) had mainly dealt with 
the structure of the seed. The first im- 
portant embryological work is that of 
Mauritzon (1934). He studied Capparis 
frondosa, C. rupestris, Cleome monophylla, 
C. serrata, C. spinosa, C. violacea, Dacty- 
laena micrantha, Gynandropsis pentaphylla, 
Polanisia graveolens and P. trachysperma. 
Tiwary ( 1936 ) has published a short note 
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on Cleome viscosa. Rao (1936a, b; 1938) 
has published three papers embodying his 
studies on Maerua arenaria, Gynandropsis 
pentaphylla, Capparis galeata, C. sepiaria 
and C. horrida. Raghavan (1937, 1938) 
has worked on Cleome chelidonii and Gyn- 
andropsis pentaphylla. 

In all the plants of the family, which 
have been studied so far, the embryo sac 
is of the Polygonum type and the embryo 
develops from the zygote in the usual 
manner’. Development of adventitious 
embryos from the nucellus has been re- 
ported in Capparis frondosa by Mauritzon 
(1934). Isomeris is the only exception in 
having, according to Billings, embryo sacs 
without an egg, antipodals and polar 
nuclei, and the embryo arising from 
endosperm. 


Material and Methods 


The material of Zsomeris arborea for the 
present study was collected by one of us 
( P.M.) from California in January 1947, 
in the company of Dr. D. A. Johansen. 
Recently further collections were very 
kindly made for us by Dr. Elizabeth Mc- 
Clintock (San Francisco), Dr. Verne 
Grant ( Claremont, California ) and others. 
The customary methods were followed for 
preparing the flowers, fruits and ovules 
for microtomy. Safranin-fast green and 


5. Raghavan (1938) makes the statement 
that in Gynandropsis pentaphylla only four 
divisions intervene between the megaspore 
mother cell and the eight-nucleate embryo sac 
instead of the usual five. Further on he adds: 
‘The divergence in this matter between two 
closely related genera as Cleome and Gynan- 
dropsis rules out, in my opinion, any possibility 
of phylogenetic significance being attached to 
the number of divisions between the megaspore 
mother cell and the eight-nucleate sac.’’ This 
is a strange conclusion, for actually both Gynan- 
dropsis and Cleome are quite similar in having a 
monosporic eight-nucleate embryo sac arising 
by five divisions after the differentiation of the 
megaspore mother cell. 


PHY TOMORPHOLOGY 


iron alum haematoxylin were used for 
staining. 


The Ovary and Ovules 


The gynaecium is bicarpellary, syncar- 
pous and unilocular. There are two parie- 
tal placentae, each bearing numerous ovules 
arranged in two vertical rows ( Fig. 1 ). 

The ovule is campylotropous, bitegmic 
and crassinucellate. The young nucellus 
is at first conical (Fig. 2) but later 
becomes elongated and curved, and shows 
a broad base and tapering apex ( Figs. 
3, 4) which is free from the inner integu- 
ment. Since the endostome and exostome 
do not always lie in a straight line, the 
micropyle usually has a zigzag course 
( Figs. 3, 4). In some ovules the outer 
integument seems to be so slow in growth 
that it does not close up completely at the 
apex till a later stage. In such cases the 
micropyle seems to be formed by the inner 
integument alone. Many ovules showed 
a degenerating nucellus. A noteworthy 
feature of such ovules is that degeneration 
starts from the chalazal end and not from 
the apex of the nucellus. 

In older stages the ovule, or the seed, 
becomes almost doubled up, the funicle 
and the micropyle coming to be situated 
very close together. The embryo sac 
cavity, continued as the endosperm 
cavity, deepens and extends into the 
curved part of the nucellus, which is 
gradually consumed (Fig. 13) and is 
finally seen only at the chalaza ( Figs. 16, 
18). The cells of the outermost layer of 
the inner integument become large and 
conspicuous and develop thick lignified 
walls with simple pits. The differentia- 
tion of the cells is first seen near the 
micropyle and gradually extends towards 
the base of the ovule. 

A case of twin ovules has already been 
noted and described (Khan, 1950). Borne 
upon a common funicle and enclosed 


Figs. 1-10 — Fig. 1. T.S. of ovary. x 33. 


—- 


Figs. 2-4. Stages in development of ovule; the 


nucellus is shaded by horizontal lines. x 74. Figs. 5-7. L.S. of apical region of nucellus showing 
respectively the primary parietal cell and megaspore mother cell; dyad stage; and linear triad 


in which the upper two cells are degenerating. 


In the triad the upper degenerating cell is a dyad, 


the next a degenerating megaspore, and the third the functional megaspore. x 850. Figs. 8, 9 
Two- and four-nucleate stages of embryo sac respectively. x 850. Fig. 10. L.S. of apical region 


of nucellus, showing 8-nucleate embryo sac. 


The tip of the sac has become naked. x 410. 


450 


within a common outer integument were 
seen two separate nucelli, each with its 
own inner integument. The two ovules 
were situated at right angles to each other 
so that while one was seen in longitudinal 
section, the other was cut transversely and 
presented a circular outline. 

The structure of the ovule in Isomeris is 
typical of the family Capparidaceae. The 
differentiation of the outermost cells of 
the inner integument into a hard layer 
has also been reported in Polanisia and 
Cleome ( Guignard, 1893a, b). Twin ovules 
have been reported in Capparis galeata 
by Rao (1938). 


Megasporogenesis 


Fig. 5 shows, in longitudinal section, 
the nucellus of a young ovule containing 
the primary parietal cell and the mega- 
spore mother cell. The primary parietal 
cell produces a few layers of wall cells 
which are seen between the nucellar 
epidermis and the megaspore mother cell 
or its products ( Figs. 6, 7). 

The megaspore mother cell is elongated 
and the nucleus is situated near its upper 
end (Fig.5). The nucleus divides in this 
position so that the upper dyad cell is 
much smaller than the lower (Fig. 6). 
The next stage shows a row of three cells 
of which the upper two are in a degene- 
rated state while the lowest is quite 
. healthy (Fig. 7). It seems that the 
upper dyad cell degenerates without 
dividing; the other divides to give rise 
to two megaspores of which the upper 
degenerates and the lower functions. The 
linear “ triad ” thus consists of one dyad 
and two megaspores. About a hundred 
such triads have been counted in nearly 
thirty preparations containing ovules at 
this stage of development. 

In most plants of the Capparidaceae 
the megaspore mother cell produces four 
megaspores and not a row of three cells. 
However, in Gynandropsis pentaphylla 
( Rao, 1936b ), which normally shows a 
T-shaped tetrad, the occasional occur- 
rence of a row of ‘three megaspores ?’6 


6. Rao’s ( 1936 ) use of the expression “ three 
megaspores ‘” is obviously inappropriate because 
one of the three is really ‘a dyad cell ( see 
Maheshwari, 1941 ). 


PHY TOMORPHOLOGY 


[ December 


has been reported. Raghavan (1938), 
who has also studied this species, reports 
the occurrence of a linear triad to be the 
usual feature. 

According to Billings the megaspore 
mother cell typically develops directly 
into the embryo sac without the forma- 
tion of megaspores. He saw only one 
instance of megaspore formation. It 
seems that, in spite of an examination of 
“much material’, Billings did not have 
adequate preparations of this stage. It is 
highly probable that the degenerating 
members of the triad had either com- 
pletely disappeared or were ignored ex- 
cept in one case, and the functional 
megaspore was mistaken for the megaspore 
mother cell. A similar mistake has also 
been committed by several earlier workers 
who reported tetrasporic development 
when the embryo sac is really monosporic. 
A study of vacuolation of the cytoplasm 
in the functional megaspore and the dev- 
eloping embryo sac, in most cases (in- 
cluding that of Isomeris as figured by 
Billings ), is useful in understanding the 
true nature of these structures even if the 
complete tetrad ( or triad ) is not actually 
seen (sez Maheshwari, 1941, 1942; Khan, 
1943 ). 


Embryo Sac 


The functional megaspore contains two 
prominent vacuoles in the cytoplasm, 
one at each end (Fig. 7). The nucleus 
is situated in the middle between the two 
vacuoles. At the two-nucleate stage the 
young embryo sac is seen to have become 
considerably elongated and contains a 
large vacuole in the middle. The nuclei 
are situated near the two ends ( Fig. 8 ). 
At the four-nucleate stage, two nuclei are 
situated at the micropylar end and the 
other two at the chalazal end ( Fig. 9). 
At this stage the embryo sac may have 
a more or less ovoid outline or the chalazal 
end may become considerably narrowed 
in comparison to the upper broader and 
more’ bulbous end (Fig. 9). The two 
nuclei at the chalazal end are significantly 
smaller than the upper two (Fig. 9). 
The mature embryo sac is eight-nucleate 
and contains an egg apparatus of three 
cells, two polar nuclei and three antipodals, 
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In young stages, 3-4 layers of parietal cells 
intervene between the nucellar epidermis 
and the developing embryo sac. In later 
stages, however, all the overlying cells 
break down so that the tip of the mature 
embryo sac is naked ( Fig. 10) and comes 
in direct contact with the inner integu- 
ment (Fig. 4). 

The antipodals were seen only in one or 
two cases. Usually they degenerate and 
disappear very early. This is also sug- 
gested by the smaller size of the two 
chalazal nuclei of the four-nucleate stage. 
In many embryo sacs the cells of the egg 
apparatus were also found to exhibit an 
unhealthy appearance and seemed to be 
on their way to degeneration. In the 
majority of ovules the two polar nuclei, 
which are the largest nuclei in the embryo 
sac, are the only ones which retain a 
healthy appearance. 

When the antipodals are missing, the 
mature embryo sac appears to be five- 
nucleate and contains the egg apparatus 
and the polar nuclei. In other cases it 
appears to be only four-nucleate and shows 
the egg apparatus and one large nucleus. 
The latter seems to be the secondary 
‘nucleus formed by the fusion of the two 
polars. Since actual fusion has not been 
observed, the possibility that one of the 
polar nuclei might have degenerated 
cannot be ruled out altogether (see, 
- however, the section on endosperm ). 
While five- and four-nucleate embryo sacs 
are the most frequent, others with fewer 
nuclei are also encountered. In one sac 
- only the three cells of the egg apparatus 
were seen. In another only the two polar 
nuclei were recognizable. In a third 
there were only two healthy elements; 
one of these seemed to be the secondary 
nucleus and the other a synergid or egg. 
In a fourth embryo sac only one large 
nucleus could be identified with certainty ; 
this looked like the secondary nucleus. 
Complete degeneration of all the com- 
ponents of the embryo sac has also been 
seen in many cases, so that the ovule shows 
only a densely staining mass in place of 
the embryo sac. 

Billings has described the mature em- 
bryo sac as containing only three nuclei, 
namely the two synergids and an endo- 
sperm nucleus, This can best be ex- 
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plained on the basis of the degeneration 
and disappearance of the other elements 
(see also Maheshwari, 1946, 1947). He has 
reported only one case of a six-nucleate 
embryo sac. It may be that his erroneous 
interpretations are to be attributed not 
only to the degeneration of some of the 
components of the gametophyte but also 
to faulty observation. His Fig. 18 shows 
what he describes in the text as “ embryo 
sac mother cell” (p. 307) and in the 
legend as “a vacuolated sporogenous 
cell”. This is a large cell with a cons- 
picuous vacuole in the middle of the cyto- 
plasm and a nucleus above the vacuole. 
It is probable that it is really a young two- 
nucleate embryo sac of which the lower 
nucleus has been missed. The “ embryo 
sac mother cell’’ shown in his Fig. 19 
looks more like a dividing megaspore. 
His Fig. 22, showing a three-nucleate 
embryo sac, seems to be a four-nucleate 
stage in which one chalazal nucleus 
probably lay in an adjacent section. 

There are, it is true, several genuine 
cases of monosporic embryo sacs with 
fewer than eight nuclei ( see Maheshwari, 
1950). On the other hand, there are also 
cases on record in which normal eight- 
nucleate embryo sacs have been erroneous- 
ly described as containing fewer than 
eight nuclei due to a disappearance of 
some of them (see Puri, 1939, 1941). 
In our opinion, Billings’s report of three- 
nucleate embryo sacs in Isomeris belongs 
to the latter category. 


Fertilization 


Fertilization has not been observed. 
In one or two cases we saw something 
that might be regarded as the remains 
of a pollen tube, but no clear and definite 
case of the entry of a pollen tube into the 
embryo sac has been noted. A small 
nucleus was seen on a couple of occasions 
in the neighbourhood of the egg apparatus, 
but this did not have the appearance of a 
male gamete. As mentioned earlier, the 
cells of the nucellus lying above the tip 
of the embryo sac break down. The 
nuclei of these degenerating cells can get 
displaced and may occasionally be in- 
cluded in the micropylar part of the 


Fics, 11-17. 
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embryo sac. It is to be noted, however, 
that this negative evidence does not in 
any way prove that fertilization does not 
occur. 

From Billings we have a more definite 
statement concerning absence of syn- 
gamy in Isomeris arborea. He writes: 
“A pollen tube may enter the micro- 
pyle and form a bulbous terminus in 
the embryo sac. It does not discharge 
its contents, but instead develops a 
thickened wall and remains intact during 
the earlier stages of endosperm develop- 
ment ” (p. 325). We are unable to con- 
firm this from the preparations so far 
made by us. 


Endosperm 


The endosperm and embryo present 
many unsolved problems which demand 
further attention”. 

Ordinarily when some embryo sacs are 
seen with two polar nuclei and others, 
in the same species, with one large nucleus 
in place of the polars, it is concluded that 
the two polar nuclei have fused to produce 
a secondary nucleus. In /someris arborea 
we saw two polar nuclei in 11 embryo 
sacs, and in 7 of these they were found in 
the same section. In about 30 embryo 
sacs only one large prominent nucleus was 
observed. This may be the secondary 
nucleus formed by fusion of the two polars, 
or it may be one of the polars, the other 
having degenerated and disappeared. 
Billings writes ( p. 313 ): “ The endosperm 
nucleus in /someris arborea is single in 
origin and is haploid with respect to its 
chromosome complement, as was definitely 
determined by a count in one of its 


7. The work is being continued in this labora- 
tory ( P. Maheshwari ). 
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dividing daughter nuclei.” Since Bil- 
lings never saw both the polar nuclei, 
which are undoubtedly formed, this state- 
ment could easily be ignored if it did not 
contain a reference to the chromosome 
complement. Such reference makes it 
important that the fusion of the two 
polars, if it really occurs, should be pro- 
perly established and not merely pre- 
sumed as is usually done. 

Since actual fusion was not observed, 
it was thought that measurements of the 
nuclei might give a clue. In most cases 
in these nuclei, the nucleolus alone was 
seen distinctly. When the nuclear mem- 
brane was also clearly visible, it often 
had an irregular outline. It was, there- 
fore, decided to measure the nucleolus 
and not the entire nucleus. When the 
nucleolus was spherical, measurements 
were made of the diameter. When it 
appeared oval or oblong, the longer and 
shorter diameters were both measured. 
The measurements revealed an unexpected 
range of variation. In those embryo sacs 
in which the two polar nuclei were seen 
in the same section, the diameters of the 
nucleoli varied between 4 and 7 u. The 
two nucleoli were usually of a similar size, 
and, when unequal, the difference in their 
diameters was less than 1 u. 

In embryo sacs, in which there was 
only one large nucleus in place of the two 
polar nuclei, the diameter of the nucleolus 
usually varied from 6 to 15 u. Such 
variation was occasionally seen in the 
same flower. In one ovary, for instance, 
the nucleolus of one embryo sac had a 
diameter of 6 u and that of another a 
diameter of 11 x. In another ovary the 
diameter of the nucleolus in different 
embryo sacs varied between 8 and 15 u. 

As a rule, therefore, the single large 
nucleolus is considerably larger than the 
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Fics. 11-17 — The free nuclear endosperm in Figs. 11, 13 and 16 is shown by dots, the nucellus 


is shaded by horizontal lines and the arrow points towards the micropyle. 
gram of L.s. of ovule showing young free nuclear endosperm. x Die 


Fig. 11. Dia- 
Fig. 12. Part of the preceding 


figure magnified to show egg and micropylar part of endosperm. x 410. Fig. 13. Diagram of 
ls. of older ovule showing endosperm nodules in middle region of embryo sac. See embryo at 
place marked X. x 57. Fig. 14. Part of endosperm from preceding sketch to show details of 
nodule formation. x 410. Fig. 15. Part of endosperm from same ovule magnified to show the 
embryo marked X. x 410. Fig. 16. L.S. of ovule showing an older embryo situated at the bottom 
of the long arm of the J-shaped endosperm cavity. x 25. Fig. 17. Part of Fig. 16, showing details 
of the above embryo. x 410. 
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two nucleoli of the polars when they are 
seen in the same section. This would 
support the view that the large nucleus 
is probably the secondary nucleus formed 
by fusion of the two polars. However, 
this evidence is of an indirect nature only 
and since we found no division figures we 
wish to leave this point at that. 

The endosperm is Nuclear. The free 
nuclei are distributed peripherally in a 
layer of cytoplasm which encloses a large 
vacuole ( Figs. 11, 12). As the number of 
nuclei increases, the embryo sac gradually 
extends towards the lower side following 
the curvature in the nucellus (Fig. 13). 
The cavity ( Fig. 16) may be described as 
J-shaped or, perhaps better, as resembling 
a retort. 

In the earlier stages of endosperm dev- 
elopment the free nuclei are distributed 
more or less uniformly without a marked 
aggregation in any particular region. 
Later, at about the stage shown in Fig. 13, 
the middle region of the endosperm shows 
some changes. Some of the nuclei become 
aggregated into small groups whose cyto- 
plasm becomes more or less separated 
from the general cytoplasm and acquires a 
definite shape so as to produce nodular 
masses (Figs. 13, 14). The nodules 
present a great variety in shape and size 
and are quite numerous. The final phase 
in endosperm development is that of wall 
formation which is preceded, however, 
by a vacuolation of cytoplasm ( Fig. 19). 
Wall formation begins in the middle region 
of the endosperm and extends towards 
both ends, but somewhat more rapidly 
towards the micropylar end. At a stage 
shown in Fig. 24 the endosperm has been 
almost completely walled up towards the 
micropyle while at the chalazal end some 
of it is still free nuclear. The disposition 
of the walls in certain parts of the 
endosperm is such as to recall the radial 
arrangement of cells seen in a strip of the 
cambium (Fig. 25). | 

The above account of the development 
of the endosperm is in agreement with 
Billings’s observations. Formation of endo- 
sperm nodules has also been reported in 
Musa errans ( Juliano & Alcala, 1933), 
Impatiens roylei (Dahlgren, 1934 ), Olden- 
landia corymbosa ( Farooq, 1953 ), Stack- 
housia linariaefolia (Narang, 1953), 
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Capsella bursa pastoris (Maheshwari & 
Sachar, unpublished ) and Dillenia indica 
(Subramanyam, unpublished), but the 
ultimate fate of these structures is not 
known with certainty. 


The Embryo 


The embryo is not always found in 
the position in which it is ordinarily ex- 
pected, i.e. in the micropylar region of the 
endosperm. More often it is situated 
somewhere in the middle region of the 
endosperm or near the bottom of the long 
arm of the J-shaped endosperm cavity 
( Figs. 13 and 16). : 

The endosperm in the ovule shown in 
Fig. 13 contains a large number of nodules 
near its middle region. A few of them 
are shown in Fig. 14 under higher magni- 
fication. The end toward the micropyle 
is broad while the other is narrow. 
Among the nodules present in the ovule 
shown in Fig. 13 was found a young 
embryo whose lower cells are uninucleate, 
and the upper multinucleate ( Fig. 15 ). 

Fig. 16 shows a similar but larger 
embryo in a position which is further 
removed from the micropyle than in the 
previous case. Fig. 17 shows this at a 
higher magnification. It exhibits a dif- 
ferentiation into suspensor and embryo 
proper which strongly recalls that seen in a 
normal proembryo. Figs. 18-21 illustrate 
older stages. The cotyledonary primordia, 
just visible in Figs. 20 and 21, have grown 
to appreciable proportions in the embryo 
shown in Figs. 22 and 23. The oldest stage 
available is shown in Fig. 24. Here the 
cotyledons, the hypocotyl and the radicle 
can be easily distinguished, although the 
plumule is still in a very rudimentary 
state. The endosperm cells surrounding 
the embryo have now become cellular, 
although there are still some free nuclei 
near the chalazal end. 

Even the micropylar part of the 
embryo sac occasionally shows the pre- 
sence of structures which look like 
nodules. The two-nucleate body shown 
in Fig. 26 would ordinarily be described as 
a two-celled proembryo, but no partition 
wall could be found between the two 
nuclei. A similar elongated body with 
four nuclei is seen in Fig. 27. Between 
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the two nuclei of the upper pair there is a 
narrow space, which may be interpreted 
as a wall. The other two nuclei together 
with the lower member of the upper 
pair are situated in a common chamber. 
The whole structure could perhaps be 
regarded as a four-celled zygotic pro- 
embryo if all the four nuclei were separat- 
ed by walls Two overlapping struc- 
tures are seen in Fig. 28. They have 
their broader ends directed below and 
narrow ends towards the micropyle. Figs. 
29 and 30 show a degenerated structure 
at the micropylar end, but it is difficult 
to say whether it is the egg or a synergid. 
Possibly it might be the remnant of the 
pollen tube. 


Discussion 


That the embryo sac in /someris con- 
forms to the Polygonum type may be 
regarded as quite certain. This, however, 
does not resolve the entire mystery that 
surrounds /someris arborea. Whether fer- 
tilization occurs or not and whether the 
endosperm and the embryo are haploid, 
diploid or triploid, are among the points 
that need further study. A thorough 
cytological examination and a critical 
observation of the reproductive behaviour 
of these plants in nature merit special 
attention. Billings says that there is no 
true meiosis nor syngamy in the species. 
He writes: “In J. arborea there is a count 
in both I and II of 17, a somatic count of 
17 and a megagametophytic count also of 
17 which is shown by mitosis in its dev- 
elopment, and in that of the endosperm.” 
Further (p. 303): “Indications that a 
state of haploidy exists are shown by the 
following facts: (1) there is an absence of 
bivalents in diakinesis; (2) the odd num- 
ber, 17, is probably not a diploid number ; 
(3) the » range thus far determined for the 
Capparidaceae, being 16-20, it is quite 
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likely that 17 represents a haploid number. 
Hence Isomeris arborea doubtless finds a 
place among the haplodiplonts ”’. 

No chromosome counts could be made 
during the course of the present investiga- 
tion. Fertilization has not been observed. 
The measurements of the sizes of the 
nucleoli of the polars in some embryo sacs 
and of one large nucleus seen in place of 
the polars in others would seem to suggest 
that the polar nuclei fuse as usual and 
form the secondary nucleus. If this is 
true, the endosperm and the embryo (if 
derived from the former) would be at 
least diploid. The most important point, 
however, i.e. the origin of the embryo 
from the endosperm, still remains un- 
settled. Endospermic embryos have been 
reported in several plants: Hieracium 
( Gentscheff, 1937), Alnus ( Woodworth, 
1929, 1930 ), Zsomeris ( Billings, 1937 ) and 
Trillium (Jeffrey & Haertl, 1939). 
Rosenberg (1907) reported this con- 
dition in Hreracium but later withdrew 
his earlier interpretation ( Rosenberg, 
1930). All cases of the origin of embryo 
from endosperm, including that of Iso- 
meris, have, however, been regarded as 
doubtful ( Tischler, 1942/43; Maheshwari, 
1946, 1947, 1950; Swamy, 1948 ). 

Our drawings of Isomeris (only a few 
have been reproduced here) show a 
strong resemblance to those of Billings 
but do not prove the endospermic origin 
of embryos as assumed by Billings. The 
problem has proved so difficult that we 
have thought it proper to publish these 
observations as far as they go and return 
to the topic at a later stage when more 
material has been examined®. 


8. Collections of Isomeris flowers and fruits, 
made in F.A.A., and of viable seeds would be 
greatly appreciated and may kindly be sent to 
me by parcel post by botanists resident in 
localities where this plant occurs in nature. — 
P. Maheshwari. 
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shown in black. 
drawn from a non-median section. 


by horizontal lines; the arrow points to the micropyle. 
Fig. 23. Details of embryo and surrounding endosperm 
Fig. 25. Part of cellular endosperm from Fig. 24, showing cambium- 
Figs. 26-30. Micropylar region of endosperm. X 160. 


the cellular part of endosperm. X 10. 
shown in Fig. 22. x 162. 
like arrangement of cells. x 162. 


Fics. 22-30 — Figs. 22, 24. Diagrams of ls. of seed showing position of embryo which is 
The long arm of the J-shaped endosperm cavity is not seen in Fig. 22 which is 
The free nuclear endosperm is shown by dots and nucellus 


In Fig. 24 the cross hatched area represents 


Summary 


1. The ovules of /someris arborea are 
campylotropous, bitegmic and crassinucel- 
late. The micropyle is usually formed by 
both the integuments and has a zigzag 
course. The outermost layer of cells of 
the inner integument develops into a hard, 
stony layer in the seed. 

2. The primary parietal cell produces a 
few layers of wall cells. The megaspore 
mother cell produces a linear triad in 
which the uppermost cell is a dyad and 
the lower two cells are the megaspores. 
The chalazal megaspore is functional. The 
mature embryo sac is eight-nucleate and 
conforms to the Polygonum type. Due to 
early degeneration and disappearance of 
some of the nuclei the embryo sac is often 
seen to contain fewer than eight nuclei. 
Billings’s report that the megaspore mother 
cell develops directly into a three-nucleate 
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mature embryo sac, comprising two syner- 
gids and an endosperm nucleus only, is not 
supported by the present study. 

3. The earliest phase in endosperm dev- 
elopment is free nuclear. Formation of 
nodules, near the middle region of the 
endosperm, by an aggregation of nuclei 
into groups and the separation of their 
cytoplasm from the general cytoplasm of 
the endosperm constitutes the second 
phase. Eventually the endosperm be- 
comes cellular. Cell formation starts in 
the middle and extends in both directions, 
but in the micropylar region it is com- 
pleted earlier. The arrangement of cells 
in certain parts resembles that in a strip 
of cambium. 

4. Embryos have been seen in the 
zygotic position, but more often they are 
situated considerably lower down on one 
side of the embryo sac.’ The exact origin 
of the embryo has not yet been established. 
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THE; MORPHOLOGY AND SYSTEMATICS OF 
THESE AVES IN ERICALES 


O. HAGERUP 


Botanical Museum, Copenhagen, Denmark 


From his researches on the morphology 
of the floral organs Nordhagen ( 1937-38 ) 
concluded that Calluna has such an iso- 
lated position within the Ericaceae as to 
make it difficult to make out the nearest 
relations of this genus. 

However, there is a whole series of in- 
vestigations dating from the last century 
to recent times which obviously show that 
the vegetative organs of the Ericales, 
particularly the leaves, are the most re- 
markable found within the flowering 
plants. Certain peculiar features are quite 
characteristic of large taxonomic units, 
and many plants ( e.g. Rhododendron ) can 
even be identified up to the specific level 
by the characters of the hairs on the 
leaves (Cowan, 1950). 

It, therefore, occurred to me to find out 
whether the form and structure of the leaf 


of Calluna could possibly give any infor- 
mation as to where the nearest relations 
are to be found. 

I soon realized, however, that the form 
of leaf in the Ericaceae had not been suf- 
ficiently utilized in taxonomic literature, 
although generally such observations are 
easily made. This defect is particularly 
glaring in Calluna—a plant whose 
leaves are almost unique both regarding 
their external form and anatomical 
structure. 

These defects originate in the fact that 
some of the earliest studies on the leaf 
anatomy of Calluna are completely in- 
correct and even deceptive. When some 
of the cross-sections in manuals and 
text-books were examined, it was found 
(Schroeter, 1904-1908; p. 101, Fig. 4) 
that they do not belong to Calluna, but, as 
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far as I am able to decide, to Erica carnea. 
Actually the anatomy of the leaf of 
Calluna remained almost unknown, until 
Beijerinck (1940) examined it a few 
years ago. 

In order to make a fuller survey, the 
leaves of not only Calluna but also many 
other members of the Ericales in the 
copious collection at the Botanical Mu- 
seum of the University of Copenhagen 
were examined. It appeared then that 
according to the form and structure the 
leaves of the order can be divided into the 
following 5 fundamental types ( Ljung- 
ström, 1883, p. 3). Generally they are so 
well marked out that for taxonomic in- 
vestigations they ought to be utilized to a 
higher extent than has been the case 
till now. 


The Rhododendron Leaf 


This is flat, generally broad, less fre- 
quently narrow (Figs. 1, 2); stomata 
on the lower side; palisade towards the 
upper. Margins are often flat; if they are 
recurved, the history of evolution shows 
( Hagerup, 1946 ) that the margins of the 
true “ Rollblatter’’ are revolute; as will 
be seen below, they are on principle dif- 
ferent from the leaves of Erica. This 
form of leaf, which is also very common 
in other phanerogams, is found in 
numerous Ericales, and especially within 
the Pyrolaceae, Rhodoraceae, Vaccinia- 
ceae, and some Ericaceae, e.g. Andromeda, 
Arctostaphylos, Arbutus, etc. 


The Needle-shaped Leaf 


This is narrow and pointed with flat 
margins ( Figs. 3, 4). The section shown 
in Fig. 3 shows stomata as well as an 
assimilating tissue both on the upper 
and the lower side. This form of leaf is 
rare within Ericales, but is common in 
the Epacridaceae and in certain species of 
Cassiope, Erica and Harrimanella. The 
evolution ( Hagerup, 1946 ) does not show 
anything of fundamental interest. 


The Ericoid Leaves 


Of these there are 3 different funda- 
mental types ( Figs. 5-13), all of which 


PHYTOMORPHOLOGY 


are small and linear and provided on the 
lower side with a hairy groove containing 
the stomata. How this groove arose is 
enigmatic. Although Ljungström solved 
this problem as early as 1883, his work 
was overlooked, and modern manuals 
and text-books still incorrectly regard the 
ericoid leaf as “ Rollblätter ” from the 
wrong conception that the groove should 
be limited by the revolute margins of the 
leaves. But if a developmental study is 
made from a series of sections, it appears 
that the various ericoid leaves are unique, 
not only among the Ericales, but also 
among the phanerogams as a whole. 
As the origin of the groove has already 
been thoroughly examined ( Hagerup, 
1946 ), the point may be illustrated here 
only with Fig. 7 of Phyllodoce coerulea, 
which may serve as a typical example. 

When very young, the ericoid leaf is 
plainly needle-shaped. But at an early 
stage some subepidermal cells ( dotted in 
Fig. 7) on the lower side of the leaf start 
dividing, so that they form 2 coherent 
pads along the margin of the lamina. 
During the further growth of the leaf 
these pads become ever higher, at the same 
time bending from both sides towards the 
midrib, until the lower side of the leaf is 
completely locked up into a cavity, being 
connected with the surroundings by only 
a narrow, hairy groove ( Figs. 5, 9, 11, 13 ). 
Anatomically, too, these pads are peculiar, 
for the palisade tissue found on the outer 
side is similar to that on the upper side. 
Besides, stomata are found on the interior 
side. Thus it was clear that the leaf 
margins are really situated at the 
extreme ends along the sides ( Figs. 11- 
13 ), and do not limit the groove on the 
lower side. On principle ericoid leaves 
are, therefore, different from ‘‘ Rollblät- 
ter ’’, whose margins are recurved towards 
the lower side ( Fig. 2). 

Ericoid leaves can, as mentioned, be 
divided into the following fundamental 
types according to the length of the stalk, 
the formation of the pads and the position 
of the palisade tissue. 

THE TETRALIX Lear ( Figs. 5, 6) — It 
has a short stalk; the groove on the lower 
side is open at the base because the two 
pads limiting the groove do not con- 
tinue across the base of the lamina 


Fics. 1-7 — Fig. 1. Oxycoccus palustris, c.s. leaf. x 150. Fig. 2. Oxycoccus microcarpus; leaf. 
x 6. Fig. 3. Havrimanella hypnoides; c.s. leaf. x 225. Fig. 4. Harrimanella hypnoides; entire 
leaf. x 18. Fig. 5. Erica tetvalix; c.s. leaf. x 150. Fig. 6. Erica tetralix, entire leaf. x 15. Fig. 7. 
Phyllodoce coerulea, c.s. young leaf. The dotted cells are the first initials of the pads which will 
limit the ventral groove of the leaf. x 500. 
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(cf. Figs. 6 and 8). Palisade tissue is found 
on the upper side of the leaf ( Fig. 5). This 
form of leaf is the commonest among the 
ericoid types. Out of 85 species of Erica 
examined, 70 possessed the same open 
groove as in Erica tetralix and this is also 
the condition in numerous species belong- 
ing to the majority of other genera having 
ericoid leaves. 

THE EMPETRUM-LEAF (Fig. 8) — This 
resembles the leaf of Tetralix in form and 
size; it also has a short stalk and a palisade 
tissue at the upper side. However, it 
differs in the groove at bottom being 
closed, because the 2 pads are reciprocally 
connected by a bridge across the base of 
lamina. The Empetrum type of leaf is less 
common than the Tetralix type. These 2 
leaf forms are often found in species be- 
longing to the same genus. Among the 
species of Erica examined by me, 20 per 
cent had a closed groove, e.g. E. cinerea, 
E. carnea, E. mediterranea, and E. gracilis. 
The Empetrum type of leaf is also foundin 
other genera of Ericaceae (Blaeria, Philip- 
pia) as in the whole family Empetraceae. 

THE CALLUNA-LEAF ( Figs. 10-13 ) — 
This queer leaf differs in several essential 
respects from other ericoid leaves. Here 
a stalk is lacking; and the 2 pads of the 
lower side of the leaf continue into 2 
arrow-shaped prolongations which are 
turned downwards. In transection the 
outline of the lamina is triangular, re- 
sembling the leaves of certain Araceae. 
The internal structure of the leaf is just 
as peculiar. In its middle lies a strikingly 
large intercellular space. The cells lying 
immediately below the upper epidermis 
do not form a palisade tissue, nor is it a 
typical spongy tissue. They form instead 
long cellular filaments, poor in chlorophyll, 
which run along the length of the leaf and 
are parallel to each other. This lining of 
cellular filaments is better developed in 
Cassiope than in Calluna. 

This form of leaf is the rarest of the 5 
mentioned above, occurring only in some 
species of Cassiope and Erica in addition 
to Calluna. Its anatomical structure is 
related to the fact that the leaves are 
directed slopingly upwards and _ pressed 
in towards the stem, so that the morpho- 
logical upper side is illuminated to a 
smaller extent than the lower side. 
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Taxonomic Results 


As is well known, vegetative characters 
of plants are generally not of much 
systematic significances. However, the 
Ericales must in this respect be regarded 
as an exception as was already conceded 
by the classic authors (e.g. Drude, 1897, 
p. 18) long ago. As indicated above both 
the form and anatomy of the leaf are 
quite characteristic in some cases for 
larger taxonomic units (families), and 
in some cases for smaller units ( species ). 
From this point of view it is, therefore, 
interesting to find out whether there exist 
elsewhere in the plant kingdom similar 
unique types of leaf as found in the 
ericoid: 

(a) Besides many Ericaceae the Em- 
petrum-leaf is found only in the family 
Empetraceae. That this is an expression 
of a real relationship is already shown 
by Samuelsson (1913) and Hagerup 
(1922), 

(b) To the Rhododendroideae, which 
generally has the large and broad Rhodo- 
dendron type of leaf mentioned above, is 
also reckoned the genus Phyllodoce ( Drude, 
1897 ), although the latter has, indeed, 
typical Tetralix-like leaves as in many 
Ericaceae. The actual reason for this 
assignment (Drude) is that in Phyllo- 
doce the so-called anther horns are absent. 
This lack is, however, also seen in nu- 
merous species of Evica, which indeed, 
for that reason, were not removed from 
their natural circles of relationship. The 
leaf form suggests that Phyllodoce belongs 
to the Ericaceae, which is also confirmed 
by a study of the corolla. 

(c) A comparison of Figs. 10-13 shows 
that the leaf of Calluna is in the main 
constructed just as in Cassiope tetragona. 
Still these leaves are quite different from 
those of most other ericoids ( Figs. 1-9 ) 
as well as from all other leaves on the 
whole. That these remarkable conform- 
ities between the unique leaves of 
Calluna and Cassiope are an expression of 
a close relationship between them is con- 
firmed by the fact that several other 
characters are common to them. Thus 
they have similar hibernacles without 
any specially formed bud-scales and are 
both naked, which is a very rare 
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phenomenon within woody plants from however, a similar arrangement is found 


northern regions. in Empetrum, Erica and the Epacrida- 
Further, both genera possess more than  ceae. 
2 bracteoles on the floral stalk, a pheno- The annual shoots (Fig. 14) are also 


menon not common in Bicornes, although, very remarkable in having 3 different 


LS 
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. 8-14 — Fig. 8. Empetrum nigrum, leaf. x 12. Fig. 9. Empetrum nigrum, c.s. leaf. Da 
Fig. dE ep tetragona, oe leaf. x 11. Fig. 11. Cassiope Nue en 
leaf; z, one of the pads). x 12. Fig. 12. Calluna vulgaris, entire leaf. x 15. ig. Re 3 ie 
vulgaris c.s. leaf. x 150. Fig. 14. Caliuna vulgaris, annual shoot, consisting of 2 parts, of which 
only the middle is flowering and the upper (FE) and lower (©) are vegetative. x 24. 
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parts, only the middle of which produces 
flowers, whereas both the bottom and the 
top parts are completely vegetative. 
These circumstances were investigated in 
detail in Empetrum ( Hagerup, 1922) and 
Calluna ( Nordhagen, 1937-38). The re- 
semblances in the vegetative organs are 
so remarkable that I consider these an 
expression of a close relationship between 
Cassiope and Calluna. Cassiope has no 
doubt been placed in a wrong way in the 
Ericaceae. Drude (1889, p. 41) classes 
it with Andromedeae, which indeed differs 
much in having large leaves of the Rhodo- 
dendron type. The structure of the leaf 
seems to show that the nearest relatives of 
Cassiope, too, are to be found within the 
Ericaceae with ericoid leaves. 

On the whole, the ericoid forms of leaf 
are so characteristic and remarkable that 
a decisive weight is to be laid upon them 
at the high taxonomic division of the 
Ericales. It is my opinion that all the 
genera with ericoid leaves ought to be 
grouped into an independent family, the 
Ericaceae proper, and within this the 
genera Calluna and Cassiope should form 
a special subfamily of their own. 


Summary 


According to their form and structure 
the leaves of Ericales may be classified 
as follows: 

1. THE RHODODENDRON TYPE — Lamina 
dorsiventral, often large and broad, mar- 
gins flat or revolute ( Figs. 1-2). 
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2. THE NEEDLE TYPE — Lamina needle- 
shaped or subulate, small with flat margins, 
stomata and assimilating tissue, often both, 
on the upper and lower sides ( Figs. 3-4). 

3. THE ERICOID TYPE which are small 
and narrow with a ventral groove which 
conceals stomata. The groove is not en- 
closed by revolute margins, but by 2 
pads which are initiated along the margins 
on the lower side of the leaf, a phylo- 
genetic neoformation. 

4, THE ERICOID TYPE is further sub- 
divided as follows: 

(a) Groove open at base of lamina; leaf 

petiolate with a palisade tissue on 
the lower and upper sides. Examples: 
Tetralix ( Figs. 5-6). 
Groove closed at base of lamina; leaf 
petiolate with a palisade tissue on 
the lower and upper side. Example: 
Empetrum ( Figs. 8-9 ). 

(c) Groove open at base; leaf not petio- 
late, with 2 arrow-shaped auricles 
at base, a palisade tissue found only 
on the lower side; large air space 
in the middle of the leaf. Example: 
Calluna ( Figs. 10-13 ). 

In the higher taxonomic division of the 
Ericales much more consideration is to 
be given in future to leaf structure than 
was the case up till now. Forms with 
Ericoid leaves ought to be placed together 
in a group of their own into a special 
family (or subfamily ), in which Calluna 
and Cassiope are to be assigned to a parti- 
cular group, isolated from others, owing 
to their unique leaves. 
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TAF DORTAN THEORY EXTENDED I 


Ba ie CORNER: 


Botany School, Cambridge, England 


The Aril and the Sarcotesta 


The recent criticism of Parkin (1953) 
is welcome, because it shows the gaps 
that must be filled in. The theory was 
published in the first place because I 
found many persons interested when I 
had little prospect of continuing with 
research. In the tropics there are many 
plants and few ideas: personal experience 
is large, but adequate documentation im- 
possible. Yet, even now, with many 
books and few plants it is a puzzle how to 
proceed. Too many paths open out. 
I planned “chapters in durianology ”, 
only to see that I would lay myself open 
to the charge which Parkin brings — the 
eclectic method. Facts can be picked 
from among flowering plants to fit any 
theory. My problem is how to explain 
and test a theory that has arisen from a 
comprehension, or grasping together, of 
many tropical sights. But biological 
theories are evolutionary, and they should 
be applicable to natural series: the test, 
therefore, is systematic. 

SYSTEMATICS AND THEORY — The main 
contribution of systematics to biology is 
generally conceded to be identification in 
an international language. The theory of 
evolution, however, has wrought syste- 
matics into a powerful weapon. Modern 
species, as the products of evolution, have 
been sorted into natural genera and fam- 
ilies, even if the grouping of families is still 
fairly artificial Many of these natural 
families or orders comprise an extraordi- 
nary variety of plants, extending in some 
dicotyledonous ones over almost the 
whole range of dicotyledonous evolution. 
I doubt if there is any such variety in 
other groups of plants except the algae. 
Thus, in the Leguminosae one finds the 
following range: 


1. Trees, shrubs, herbs, and woody 
and herbaceous climbers, twining or with 
tendrils: evergreen, deciduous. 

2. Pinnate, palmate, trifoliate, simple 
and phyllodic leaves: pinnae opposite, 
alternate: pari- or imparipinnate: toothed, 
entire: pulvinate or not: stipules pinnate 
or simple: stipellae present or absent: 
extrafloral nectaries present or absent. 

3. Hairs stellate, simple or none: spinous 
or not. 

4. Sepals, petals and stamens free or 
joined. 

5. Hypogynous, perigynous, and with 
a prolonged receptacular tube with cen- 
tral, anterior or posterior ovary. 

6. Many stamens and carpels to one. 

7. Petals present or absent, imbricate 
or valvate (as the calyx ). 

8. Actinomorphic or zygomorphic. 

9. Perfect flowers or staminate and car- 
pellary. 

10. Many ovules per carpel.to one. 

il. Racemose, capitulate or solitary 
flowers, large or small: ornithophilous or 
entomophilous. 

12. Fruits fleshy or dry, dehiscent or 
not, with many seeds, few or one. 

13. Seeds large and small, arillate or 
not, albuminous or not, dormant or not, 
with epigeal or hypogeal seedling. 

All these characters should stand in 
evolutionary relation, so that morpho- 
logical theory must take account of them. 
As an example of a genus, Solanum has a 
range from trees to shrubs, climbers, 
herbs, tuberous plants, and epiphytes, 
from pinnate to simple leaves, from peltate 
scales to stellate hairs, simple hairs or 
none at all, from spiny to unarmed, from 
branching many-flowered inflorescences to 
solitary flowers, from eight loculi in the 
ovary to two, from many seeds to two, 
and so on. Such enormous aggregates of 
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plant-life, represented by thousands of 
living species in evolutionary relationship, 
are the material for the systematic test. 
It should be possible to discover evolu- 
tionary trends from such a wealth of 
material, and then, by comparison of 
prototypes, to understand something of 
the evolution of angiosperms. For modern 
species show, not the evolution of their 
generic characters, but the modification of 
them, and genera show the modification 
of the family-characters, which are the 
modification of the proto-angiosperms. 
We cannot hope for as many fossil Legu- 
minosae or Solanaceae as there are living, 
and what use are the fossils if we have 
not worked out the living? The Swart- 
zioideae are an extraordinary mixture of 
mimosoid, caesalpinioid and papiliona- 
ceous characters, but what part do they 
play in the evolutionary study of angio- 
sperms? Consider the ten largest genera 
given by Willis ( 1949, p. 333 ): Senecio, 
Astragalus, Solanum, Carex, Begonia, Ficus, 
Hieracium, Mesembryanthemum, Oxalis, 
Dendrobium. What is their contribution 
to the theory of the flowering plant ? 
What is the prototype of Senecio or 
Solanum, with some two thousand species 
in each from which to decide? No fossil 
record could be so rich. 

Theoretical botany has scarcely entered 
systematics. Its concern is mainly with 
the distinction of forms and the splitting 
of major groups, rather than with syn- 
thesis. This is inevitable when the flora 
of the world is still being collected and 
described. To study the large genera, 
not to mention families, requires, more- 
over, years of experience, and it is now 
regarded as old-fashioned, so that young 
botanists never start. Solanum and Ficus 
have not been revised for a hundred years: 
their classification is pre-Darwinian. Bau- 
hima never has been monographed 
( Croizat, 1952). Yet, until these large 
genera and families have been brought 
up to date and examined in the light of 
evolution, it is absurd to suppose that the 
approach to the primitive angiosperm has 
been exhausted from living material. I 
would say that it has hardly been com- 
menced. Ideally, the approach should 
begin in the genus, thence to related 
genera, then to the family and finally to 
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the families and orders: otherwise, the 
eclectic method is inevitable. Biological 
theories, based on scattered examples, 
such as Magnolia, Ranunculus, Rosa, 
Helianthus and Populus, are the merest 
surveys and may be misleading, for their 
families are farapart and parallel evolution 
is rife. There are 12,000 species of Legu- 
minosae, in four sub-families, on which to 
work. In monocotyledons, there are two 
thousand species of palms in three or four 
hundred genera wherewith to balance 
Alisma, Butomus, Lilium, Iris and other 
easy plants. The Leguminosae are re- 
garded as more advanced than the 
Ranunculaceae, because Vicia is com- 
pared with Ranunculus, and the legu- 
minous history is ignored. To mistake 
such reconnaissance for profound research 
is the common error of text-books: it can 
be rectified only when, the true worth of 
systematics is appreciated, and theory 
becomes phyletic. 

I chose the Leguminosae to illustrate 
the durian theory. Other examples ap- 
peared comparable, but the working out 
of every family will need almost mono- 
graphic treatment. The help of the 
systematist must be enlisted, because at 
his hands enter the subjects of botany. I 
propose, therefore, to take up the main 
points of “ durianology ’’, and to enlarge 
upon them, not only to meet the issues 
which Parkin raises, but to arouse the 
criticism of systematists. Above all, I 
would reawaken regard for what was 
called “ the treasury of botany ’’ — the 
living world of plants. 


The Arillate Fruit 


That the arillate fruit is primitive in the 
Leguminosae seems certain to me. Parkin 
( 1953 ) agrees, and Pijl ( 1952 ) almost so. 
Similar argument can be applied in other 
groups with arillate members, especially 
those with the aril variously reduced in 
different genera, if not among the species 
of a genus, for the gradations show not 
the special creation of the aril de novo, 
parallel in living genera, but the evolu- 
tionary degradation of the ancestral 
character. In this respect, no more 
different flowering plants from the 
Leguminosae can be imagined than the 
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Scitamineae, but they display as clearly 
the loss of the aril, as I will explain in 
detail. Such a concurrence in two forest 
families might be deemed coincident, were 
it not that so many other families show 
similar vestiges of the arillate fruit. It 
seems unavoidable that arillate biology, as 
a tropical factor, was a property of the pri- 
mitive angiosperm. The conclusion is so 
far-reaching that we clearly want to know 
much more about this kind of fruit. I 
have, therefore, listed at the end of this 
article such families and genera, so far as 
I have found, which are said to have 
arils. Many are comparatively rare plants 
of the distant tropical forest that is now 
receding faster-and faster from schools of 
botany, as it is exploited by all but the 
botanists. Hence one must rely on the 
vigilance of collectors for study-material, 
and, pray, do not tell collectors not to 
collect fruiting material because it cannot 
be identified! It is to be hoped that 
botanical gardens in the tropics will also 
specialize in growing indigenous plants 
with arillate fruits. The list is certainly 
incomplete, but it is an invitation to re- 
search into the evolution of fruits. As 
Parkin (1953) points out, the arillate 
fruit is rare in the Metachlamydeae, 
which, as a grade of plants, are generally 
advanced in floral and vegetative features; 
so, too, it is rare in the Calyciflorae, or 
Polypetalae with inferior ovary. These 
facts accord with the primitiveness of the 
fruit, and its rarity among monocoty- 
ledons may indicate also that this class 
has. advanced mainly beyond the reten- 
tion of primitive features. However, as 
I will indicate, one must be cautious with 
analogy, for the absence of the arillate 
fruit marks fruit-evolution and is not 
necessarily associated with floral or vege- 
tative evolution. 

SCITAMINEAE — This isolated and na- 
tural series is most important for appre- 
ciating monocotyledonous evolution. It 
consists of some relic arborescent forms 
( Musaceae, Strelitziaceae ) and four main- 
ly herbaceous families, two having con- 
siderable size, namely Zingiberaceae (50 
gen., 1,400 spp.) and Marantaceae (30 gen., 
400 spp.). The other two (Cannaceae with 
1 genus and 50 spp., and Lowiaceae with 
1 genus and 3 spp.) are again relics con- 
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nected with the arborescent forms. The 
habitat of the whole series is the under- 
growth of tropical rain-forest, in which 
comparatively uniform environment so 
much evolution has occurred. 

Three arborescent genera, namely Phoe- 
nakospermum (1 sp., tr. Am.), Ravenala 
( 1sp., Madagascar ) and Strelitzia ( 4 spp., 
S. Afr.) have large subactinomorphic and 
ornithophilous flowers with 5-6 stamens, 
and: arillate capsules with many large 
seeds (1 cm. wide). The other arbor- 
escent genera have more zygomorphic 
flowers, ornithophilous in Heliconia ( 60 
spp., tr. Am.), but in part, at least, bat- 
pollinated in Musa (30 spp., Indo- 
Malaysia) and Ensete (19 spp., mostly 
African, 5 in Indo-Malaysia ), and their 
fruits are exarillate, but also large-seeded 
( Cheesman, 1947). The herbaceous fami- 
lies have strongly zygomorphic flowers 
or asymmetric flowers, mainly entomo- 
philous, with the androecium reduced to 
one fertile stamen, most of which may be 
petaloid (Marantaceae, Cannaceae ), 
though the Lowiaceae have five fertile 
stamens. They have arillate or exarillate 
capsules and exarillate berries, the seeds 
being mostly small (1-3 mm. wide). 
Vegetatively the herbaceous plants re- 
semble the arborescent, but their aerial 
shoots are smaller and more limited in 
growth, reducing in some cases to one or 
two leaves ( Scaphochlamys and Kaempferia 
in the Zingiberaceae ): the sympodial 
rhizomes with scale-leaves are corres- 
pondingly more evolved. 

When judged on its own merits, the 
series shows a progression from stout, 
large-leafed, arborescent, radially cons- 
tructed plants with large, ornithophilous 
flowers and large-seeded arillate capsules, 
to small-leafed herbaceous plants with 
dorsiventral shoots, strongly zygomorphic 
and specialized flowers, which are smaller 
and entomophilous, and small-seeded 
fruits, arillate or not. It is represented 
now, as one would expect, by a few geo- 
graphically limited forms retaining the 
primitive characters in different combina- 
tion, and by many advanced forms in 
pantropical families. 

The scitamineous aril more or less 
envelops the black seed and is waxy or 
pulpy and, typically, laciniate or fimbriate, 
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It varies from red to yellow and white, 
or even blue, and the seed may be brown, 
yellowish or white, as it becomes more 
juvenile. The capsule is commonly green, 
but red or yellow succulent capsules, as 
well as berries, occur in species of Heli- 
coma and Musa, and in various Zingi- 
beraceae and Marantaceae. 

In the Strelitziaceae, which are vege- 
tatively reduced to the distichous state, 
Phoenakospermum and Strelitzia have red 
arils, Ravenala a light blue. However, 
as Pfeiffer ( 1891 ) showed, the aril has the 
same characteristic internal thickenings 
of the cell-angles in Ravenala and Strelitzia, 
which African genera are closely related 
in flower and inflorescence, whereas they 
are lacking from Phoenakospermum, which 
connects with Heliconia as the American 
group. The only trace of strelitziaceous 
plants in Asia is the fantastic-flowered 
Orchidantha ( Lowiaceae ) of Malaya and 
Borneo. It has small-seeded, arillate 
capsules, and, in its isolation, shows the 
true relic nature of these capsular, 5- 
staminate members of the series. In 
Heliconia the fruit is a succulent capsule 
liberating three one-seeded cocci: the 
genus shows simplification from arbor- 
escent Strelitzia-like forms to herbaceous, 
and, as the least primitive member of the 
family, it has the largest number of species. 

The Musaceae have exarillate indehi- 
scent berries derived from flowers which 
are smaller and more reduced than in the 
Strelitziaceae, but the shoot is radially 
constructed. Both Musa and Ensete tend 
to somewhat herbaceous forms. Musa- 
ceae, Lowiaceae and Strelitziaceae, for- 
merly combined in one family, have the 
characteristic banana smell in their 
tissues, which is lacking from the other 
three families or is masked, at least, by 
their own aromatic nature. The group 
shows that the modified fruit ( one-seeded 
cocci in Heliconia, berries in Musa ) is the 
exarillate: the dehiscent fruit is arillate. 
But there are great gaps between the 
three families, showing that many early 
forms of the scitamineous series have 
become extinct. These must have been 
the multistaminate and polycarpellary 
forms, also fitted with arillate fruit. 

In the Zingiberaceae, most genera have 
rather small fleshy capsules with small 
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arillate seeds. This fruit is particularly 
well developed in Hedychium, which, on 
grounds of flower and inflorescence, Holt- 
tum ( 1950) considers to be the most pri- 
mitive genus: its capsules are very like 
those of Phoenakospermum or Strelitzia. 
But indehiscent, arillate berries, with 
vestiges of sutures, occur in some genera 
as well as the arillate capsule, e.g. Amo- 
mum, Elettaria and Alpinia s. lat. In 
Curcuma there are said to be both arillate 
and exarillate capsules, while exarillate 
berries occur in Achasma, Aframomum and 
Phaeomeria. This last, with cauliflorous 
capitula on tall stalks clad only with scale 
leaves, is in contrast with Hedychium 
one of the most specialized genera. This 
family, too, shows the derivation of the 
exarillate fruit from the arillate, evolved 
polygenerically, the small size of the fruit 
and seed conforming : with the more 
herbaceous growth. Spiral construction 
is retained in the rhizomes of many 
Zingiberaceae, though their aerial shoots 
are distichous with typically oblique 
direction and tapering form of limited 
growth. The lower leaves on the shoots 
are broad and large, the upper long and 
narrow, and those genera or species which 
have the most limited aerial shoots 
develop the large, broad lamina as the 
juvenile form: the family shows well the 
evolution of the monocotyledonous herb. 
Larger members of the family, as Amo- 
mum, Achasma and Hornstedtia, develop 
long rhizome intervals between the 
aerial shoots, which may reach 6-7 m. 
high, and they have, thus, evolved 
an effective undergrowth plant that 
quickly colonizes exposed places in the 
forest. 

The Marantaceae are a less successful 
parallel to the Zingiberaceae. They differ 
in many vegetative and floral characters 
and must relate independently to “ proto- 
Scitamineae ”’. The arillate fruit occurs 
widely in the family, and, as shown by 
Schumann (1904), the swelling of the 
ripe aril causes the dehiscence, exarillate 
fruits being indehiscent and berry-like. 
Thus, the arborescent Donax has white, 
exarillate berries with one or two seeds, 
whereas Schumannianthus, of similar habit, 
differs mainly in the arillate capsule 
( Holttum, 1951). Milne-Redhead ( 1952) 
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gives the following interesting facts con- 
cerning African genera: 

1. Trachyphyrnium, with muricate, aril- 
late capsule ( dehiscent ). 

Megaphrynium, with fleshy, arillate, 
indehiscent, but 3-sutured capsule. 

Sarcophyrnium, with fleshy, exarillate 
‘capsule ”, indehiscent and without su- 
tures. 

These allied genera show the degrada- 
tion of the arillate capsule to the exaril- 
late berry. 

2. Marantochloa, tardily dehiscent, aril- 
late. 

Ataenidia, arillate, indehiscent, as the 
rare intermediate case of the arillate 
berry. 

The Cannaceae are another herbaceous 
parallel, retaining the radially constructed 
shoot, but advancing like Marantaceae to 
the highly petaloid, asymmetric flower. 
Their small capsules are exarillate, unless 
the fimbriae of the funicle represent a 
vestigial aril, but these fruits are char- 
acteristically muricate with small papil- 
lae, as a form of spininess which is so often 
associated with the arillate fruit. Soft 
spines or tubercles occur on a few zingi- 
beraceous fruits (Globba, Geanthus, Geo- 
charis, Amomum), and a few marantaceous 
( Trachyphrynium, Hybophrynium). Thus, 
according to the durian theory, the Can- 
naceae retain a primitive feature of the 
fruit which has practically disappeared 
from other members of the series. The 
point indicates, again, how the modern 
Scitamineae reveal the break up of their 
pachycaul, radially constructed, large- 
leafed, spinous and arillate prototype into 
families of diverse specialization, but with 
the conventionally hexamerous mono- 
cotyledonous flower, while variously re- 
taining primitive traces in the modern 
survivors. Here is a great chapter in 
monocotyledonous evolution, far beyond 
the range of Helobieae, about which there 
is much to be learnt ( McLean Thompson, 
1933 ). Ar 

ANNONACEAE — This family has a 
rather primitive flower of condensed, mag- 
noliaceous type. It is one of the manifold 
products of the lower stories of the tro- 
pical forest. But the only genus with 
typical arillate fruits appears to be 
Xylopia, though it may not be a natural 
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genus. In some species the aril com- 
pletely covers the seed, and it may be 
red, yellow, blue or grey (as I have seen 
myself in tropical America, though I 
could not identify the species). Other 
species have dehiscent, but exarillate, 
seeds with a slight sarcotesta, e.g. X. 
caudata, X. fusca and X. malayana of 
tropical Asia. Yet others have exarillate 
indehiscent and even drupe-like fruits, 
as X, Curtisit of Malaya. Vestigial arils 
occur in the berries of Canangium and in 
the receptacular fruits of Annona ( Corner, 
1949b ). The majority of the family has 
passed on to berries and drupes in apo- 
carpous clusters, very much as the berry 
of Actaea ( Ranunculaceae ) mentioned by 
Parkin (1953), though much bigger. 
Clearly this occurrence of the aril is not 
the evolution of an aril from nothing 
inside an indehiscent fruit, the walls of 
which are succulent, but the loss of the 
aril from a primarily arillate follicle, such 
as occurs normally in the allied Myristi- 
caceae, though this family of tropical 
trees, very similar to the annonaceous, 
has specialized in the one-seeded fruit 
along with the small unisexual flower. 

DILLENIACEAE — A fimbriate, white, 
yellow or red aril occurs in most genera 
and species. It is unusual in appearing 
as a slight thickening of the funicle before 
pollination ( Pfeiffer, 1891). In Dillenia, 
as revised by Hoogland (1952) so as to 
include Wormia, there is the following 
distribution of arillate and exarillate 
fruits in the 55 species: 


1. Arillate, dehiscent 15 spp. 
2. Arillate, indehiscent 9 spp. 
3. Exarillate, indehiscent 13 spp. 
4. Fruit unknown 18 spp. 


Hoogland distributes the species of the 
third group, which represents Dillenia s. 
str., variously among the arillate species, 
which represent Wormia sensu auct., 
though the majority are placed together 
as the last ten species. The genus shows 
that the exarillate condition accompanies 
the indehiscent fruit, and that the arillate 
dehiscent fruit is the primary condition, 
as for the family, though arillate indehi- 
scent fruits occur as a transition. ( How- 
ever, I am not sure that one can judge 
from herbarium material whether the 
fruit is indehiscent or not, because of the 
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persistent sepals which tightly envelop 
the full-grown, but immature, fruit.) As 
I will mention subsequently, the exaril- 
late, indehiscent condition in Dillenia 
seems to lead to the berry of Actinidium. 
Paeonia has the fleshy follicles of Dillenia 
and the persistent sepals, as well as the 
centrifugal androecium ( Corner, 1946 ), 
but is exarillate with a better developed 
sarcotesta than occurs in most Dillenia- 
ceae. In the Ochnaceae, the follicle has 
become a drupe. In the Theaceae, the 
ovary is syncarpous and develops mostly 
a dry capsule or berry, but one genus 
( Anneslea) retains the arillate seed. 
Thus, in this series of families, the fleshy 
arillate capsule, surrounded by large per- 
sistent sepals, is the primitive condition. 

GUTTIFERAE — The tribe Clusieae seems 
the most primitive in the family, judging 
from the large flowers with numerous 
carpels (5-10 or more). In this tribe 
occur the many arillate members of the 
family, though a few genera are exarillate 
( Tovomitopsis and Chrysochlamys, allied 
with the arillate Tovomita). The fleshy 
arillate capsule of Clusia, with many seeds 
per loculus, is strikingly similar to the 
large berry of Garcinia (2-16 loculi, but 
one seed per loculus ), the pulpy endocarp 
of Garcinia simulating the aril. The evo- 
lution of the fruit within the family is 
worth detailed study as showing the evo- 
lution of the berry, drupe, nut and dry 
capsule, as well as the loss of the aril, and 
so, too, is the biological aspect, for the 
species are very abundant in tropical 
forests and must play a considerable 
part in animal feeding: the drupes of the 
riverside species of Calophyllum in Malaya 
are a favourite food of fish. The allied 
Hypericaceae have dry capsules or small 
berries, which by analogy must be derived 
from arillate capsules. The winged seeds 
of Cratoxylon ( Hypericaceae ), as I will 
show, appear as one of the derivatives of 
the arillate fruit. 

BoMBACACEAE — Durio has arillate and 
exarillate capsules. Variously reduced 
arils occur in the few related genera 
( Neesia, Coelostegia and Cullenia ): their 
capsules become woody and even im- 
perfectly dehiscent (Coelostegia ). Other 
fruits of the family are hard-shelled 
berries with the exarillate seeds embedded 
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in pulpy endocarp hairs or parenchyma. 
Others are dry capsules with the endocarp 
hairs flossy: a few have winged seeds 
(Bernoullia). The allied and more her- 
baceous Malvaceae have dry capsules or 
dry schizocarps without arils. The two 
families show the expected condition of 
few arillate genera and many exarillate 
with modified fruit and variously derived 
vegetative and floral characters. 

STERCULIACEAE — Interest centres on 
Sterculia with its apocarpous ovary ripen- 
ing into five red, fleshy follicles, dehiscent 
to display the sessile black, purple or 
brown seeds along the sutures. It is the 
arillate mechanism, but most species lack 
all trace of the aril, though they have a 
thinly pulpy sarcotesta which is the edible 
part. However, a minute vestigial aril 
can be found in some species ( Corner, 
1949a ), and a few have the seed more or 
less covered by a fleshy, yellow aril, as in 
the West African S. oblonga. Again, this 
is not the evolution of a new feature, the 
aril, from nothing as a new success 
achieved by a very small number of 
species, in most of which the feature is 
negligible, but the deterioration of a 
mechanism that no longer has much 
selective value. A red aril, more or less 
covering the seed, occurs in Leptonychia, 
which has green capsules with fibrous 
endocarp: I am not sure of the affinity of 
the genus. Commersonia, Abroma, Lasio- 
petalum, Ruelingia and Thomasia have thin 
white arils, feebly developed and possibly 
functionless, while other genera seem to be 
exarillate. Their fruits are variously 
samaras, nuts, dry capsules or berries. 
Thus the family shows, in the same way 
as the Bombacaceae, the derivation of 
many kinds of fruit from the relatively 
rare cluster of arillate follicles and the 
arillate capsule. 

ELAEOCARPACEAE — The capsule of 
Sloanea has 3-4 loculi with a fleshy exo- 
carp and a more or less woody endocarp, 
which may separate into bony cocci on 
dehiscence. It appears that most species 
have red or yellow arils more or less 
covering the seeds, but some have short 
arils and not a few, particularly among 
the American species, have no aril. Most 
spectacular must be S. paradisearum 
( Queensland ) with fruits 8-10 cm. long, 
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containing about 16 red arillate seeds, 
13 mm. long, in each loculus. Here, 
indeed, is a tree for botanical gardens. 
S. hongkongensis has 4-5 seeds in each 
loculus, while other species, as S. javanica, 
reduce to 1-2 seeds per fruit, most ovules 
not developing. This simplification points 
the way to the drupe of Elacocarpus, the 
hard stone of which has 2-5 loculi with one 
exarillate seed in each. As in Acacia, 
Pithecellobium, Durio and Sterculia, here 
is a reduction through loss of the aril, of 
dehiscence and of most functional ovules, 
so that the fruit takes over the dispersal 
mechanism of the seed, and the life-cycle 
is simplified by telescoping, just as the 
seed itself has telescoped the gameto- 
phyte. 

I would note here that in the alliance of 
Bombacaceae, Malvaceae, Sterculiaceae, 
Tiliaceae and Euphorbiaceae, the seeds 
have very short funicles or are practically 
sessile, as in Annonaceae, Myristicaceae, 
Connaraceae, Sapindaceae, Meliaceae, and 
others, unlike the long funicles of arillate 
Leguminosae, Passifloraceae, Dilleniaceae 
and Centrospermae: the character may be 
important. Many Euphorbiaceae have a 
scarlet sarcotesta, but I have not detected 
a true aril, unless the caruncle is such. 

CONNARACEAE — This family is interest- 
ing in showing how the sarcotesta can 
arise by transference of the aril to the 
testa. It is by no means clear, in fact, 
whether the family is wholly arillate or 
some genera have a sarcotesta, so inter- 
mediate is the character. A priori, it is 
difficult to conceive how two distinct en- 
velopes round the seed could become 
indistinct, but the human mind has 
to learn from nature. In Santaloides a 
true aril covers the campylotropous seed 
with free lobes, and, as typical of the 
family, the aril develops from the chalaza. 
In Cnestis and Connarus both, to my 
personal knowledge, the chalaza is much 
enlarged, while the arillobes are short- 
ened, even to slightly bulging rims, but 
the chalaza becomes fleshy and so the 
seed appears to be covered by a fleshy, 
adnate aril in its proximal half and to be 
free of aril distally. In Byrsocarpus and 
Manotes, as described by Schellenberg 
(1938 ), the seed appears to have a nearly 
complete sarcotesta, but by analogy with 
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Connarus, I think this sarcotesta is again 
the chalazal part of testa, enlarged by 
basipetal growth of the seed, to which the 
aril-function has been transferred, exactly 
as the hilum in many sapotaceous seeds- 
expands, through basipetal growth, so 
that the true shiny testa is reduced to a 
peripheral slip or flange on one side. 
Possibly the African genus Jollydora, 
comprising three species of small pachy- 
caul treelets, has no aril in its indehiscent 
follicles. Schellenberg regards Jollydora 
as a specialized blind-alley from the pri- 
mitive Connaraceae: certainly its habit 
is primitive in this family of great climb- 
ers. Hutchinson regards the Connara- 
ceae as related to the Anacardiaceae, 
which are now exarillate with highly 
modified fruits. Like the Myristicaceae, 
the Connaraceae show the persistence of 
the arillate fruit in the apocarpous ovary 
which reduces, as its means of efficiency, 
to 1-2 seeds per carpel. 

In the Leguminosae.the aril may be 
transferred to the funicle. In the Cucur- 
bitaceae I believe that the aril has been 
transferred to the endocarp adjacent to 
the seed, giving the delicious red pockets 
in which the seeds of Momordica and 
Trichosanthes are carried. In the Con- 
naraceae the aril transfers to the chalazal 
part of the testa, to give a sort of sarco- 
testa, but this sarcotesta is quite different 
from that of Xylopia, Dillenia, Sterculia 
and Euphorbiaceae where the epidermis 
of the testa is normally pulpy, whether 
the seed is arillate or not. In the fol- 
lowing family the aril may truly be trans- 
ferred to the testa. 

MELIACEAE — Scarlet arils more or less 
envelop the large black or brown ( rarely 
white) seeds in several genera of 
the Melioideae-Trichileae, namely Aglaia, 
Amoora, Aphanomixis, Chisocheton, Dyso- 
xylum and Ekebergia. The fleshy capsule, 
which is often vividly red, pink, orange or 
yellow, splits and the seeds dangle on 
pseudo-funicles of stripped endocarp or 
placenta. In Aglaia and Dysoxylum, if 
not also in Amoora and Chisocheton, there 
are all degrees of retrogression of the aril 
in different species, even to the exarillate 
condition, which in Aglaia is commonly 
associated with an indehiscent berry-like 
fruit. In these berries of Aglaia and of 
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Lansium the testa becomes fleshy, but in 
the berries of Sandoricum the endocarp 
also becomes pulpy and connate with the 
testa: all three genera retain vestigial 
sutures in the fruit-wall, showing their 
derivation from the fleshy and arillate 
capsule. In Guarea and Trichilia, there 
is no aril but a sarcotesta which is scarlet 
with the colour in the cuticle, exactly as 
the aril pigment in the whole tribe: it 
seems that the aril function, in colour and 
pulpiness, has been wholly transferred to 
the testa. In Melia, itself, one encounters 
more or less drupe-like fruits with the 
endocarp variously lignified. In the other 
tribes of the family the capsule is leathery 
or woody and the exarillate seeds are dry, 
large and corky, or relatively small, flat- 
tened and winged. To interpret this 
evolution of the fruit as one of paren- 
chymatous succulence out of intense ligni- 
fication is to proceed from the specialized 
to the unspecialized. But here again, 
as with the Guttiferae and Sterculiaceae, 
is a family of low-land tropical trees of 
great carpological interest, largely un- 
deciphered because their fleshy fruits 
make bad herbarium specimens. In 
Malaya I found these living fruits in the 
forest to be far more helpful in recog- 
nizing the trees specifically than the flower 
or leaf which systematists have to employ. 
From the point of view of floral structure 
the family is advanced, but from the 
point of view of fruit structure it is 
as primitive as any with syncarpous 
ovary. 

SAPINDACEAE — This large, mainly tro- 
pical, family contains practically equal 
numbers of arillate and exarillate genera 
( Radlkofer, 1933). It thus occupies a 
critical position and deserves special en- 
quiry. According to Radlkofer’s system, 
there is the following disposition: 


Arillate 


Paullinieae ( 1 genus out of 6) 

Schleichereae (6 gen. out of 8, two un- 
certain ) 

Nephelieae ( 15 gen. out of 16, one un- 
certain ) ‘ 

Cupanieae (35 gen. out of 44, four 
exarillate, five uncertain ) 

Harpullieae (1 gen. out of 9) 

58 genera arillate, 8 uncertain 
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Exarillate 


Thouineae (6 gen.) 
Sapindeae (7 gen.) 
Aphanieae (5 gen.) 
Lepisantheae ( 14 gen.) 
Melicocceae (7 gen.) 
Koelreuterieae (3 gen.) 
Cossignieae (2 gen.) 
Dodonaeae (4 gen.) 
Doratoxyleae (11 gen.) 
76 genera exarillate 


The aril varies much in size and may 
reduce to little more than a stout fleshy 
funicle (Trigonachras, Cupanieae). In 
many exarillate genera, as Serjania ( Paul- 
linieae ), there is a ‘‘ macula arillosa palli- 
dior ” on the testa round the hilum, 
suggestive of the last trace of the aril. In 
the Melicocceae there is a drupaceous 
testa, which may be a modification of the 
aril, for in some obscure manner the aril 
becomes adnate to the testa in many 
allied Nephelieae. In Harpullia one sub- 
genus (Euharpullia ) is arillate and the 
other (Otonychium ) is exarillate, though 
with a maculate trace. All other genera 
appear to be wholly arillate or exarillate 
( but Radlkofer was certainly a splitter ). 
In Alectryon and Heterodendron of the 
Nephelieae, and in Arytera and Mischo- 
carpus of the Cupanieae, the capsule is 
red and the black seeds have a red aril, 
but in many the aril is orange, yellow or 
white, the testa brown, yellowish or white, 
and the capsule similarly dicoloured. In 
the Cupameae, the fruit is capsular, but 
in the Nephelieae, many of which tend 
to be apocarpous, the fruiting carpels 
become more or less indehiscent to form a 
kind of one-seeded stoneless drupe the 
pulp of which is formed by the aril 
( Nephelium, Pometia). In these Nephe- 
lieae the indehiscent fruit may, as it 
dries up, contract along a vestigial suture 
and partly dehisce, and such derivative 
fruits lead to the exarillate and indehiscent 
state in the Sapindeae and Thouineae. 
In this respect the schizocarp of Acer is 
similar because, on germination, the fruit- 
wall splits along its vestigial suture and 
shows the two thin cocci so characteristic 
of the sapindaceous capsule. The general 
indication in the family is the evolution 
of the dry capsular and indehiscent fruits 
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from the fleshy capsular and arillate. 
Paranephelium stands in this respect to 
Nephelium very much as Aesculus to 
Billia in the related Hippocastaneaceae, 
and Koelreuteria stands to Trigonachras, 
or Blighia as Hibiscus to Durio. 

The arillate fruits of Blighia, Cubila, 
Nephelium, Paullinia and Schleichera are 
well-known tropical and subtropical deli- 
cacies. 

LECYTHIDACEAE — This family of low- 
land, tropical American trees has a more 
or less pyxidate fruit derived from the 
inferior ovary. The aril is not often asso- 
ciated with the inferior ovary, e.g. Scita- 
mineae, Iridaceae, Turneraceae, Moni- 
miaceae and Melastomataceae. Gustavia, 
however, has rather fleshy capsules, often 
imperfectly pyxidate and irregularly 
dehiscent, in which the funicle is much 
enlarged, fleshy, orange or yellow, and 
edible, as if it were an arillode. Similar 
funicles occur in the very woody fruits of 
some species of Lecythis, where they must 
be quite inaccessible and functionless. 
Gustavia, too, is the small undergrowth 
tree of somewhat pachycaul habit, with 
stout erect branches and ascending foliage. 
The contrast is shown by the lofty Brazil- 
nut tree (Bertholleha) with horizontal 
branches, applanate foliage, and indehi- 
scent “ nut of nuts’’. Alternatively, the 
fleshy pyxidium becomes a massive berry, 
as in the cannon-ball trees ( Couroupita ) 
with ascending twigs and foliage. I have 
no doubt that further enquiry will show 
the derivation of the lecythidaceous fruit 
from an arillate capsule. Barringtonia, 
if allied, has passed on to the drupe. 

APOCYNACEAE — Though the flower in 
this metachlamydeous family is stabilized 
at a high degree of efficient simplification, 
there is much variation in the habit, leaf 
arrangement, fruit and seed, and the 
family deserves much closer botanical 
study. Arillate capsules, or rather twin- 
ned arillate follicles, occur in Tabernae- 
montana and, perhaps, in half a dozen 
related genera of small trees or shrubs of 
the tropical forest. In some of these 
genera, however, the fruit is certainly a 
berry, representing the fleshy fo'licle in- 
dehiscent and probably exarillate. The 
other example of the arillate fruit is the 
moniliform follicle, or pod, of Neokeithia, 
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recently described by van Steenis, with 
two species in Borneo; the fruit contains 
up to 30 seeds more or less invested in 
the aril, which is, presumably, red or 
orange, as in Tabernaemontana. By ana- 
logy with other families, I have little 
doubt that these fruits are the ancestral 
form for the Apocynaceae whence its more 
usual berries, drupes and dry follicles 
have been derived. Possibly, as in Canna, 
the: plumose hairs on the funicle in some 
genera, as in the related Asclepiadaceae, 
are aril vestiges. It is the only metachla- 
mydeous family that shows the full evo- 
lution of the fruit. 

RUTACEAE — I have taken this family 
as the last detailed example, because it 
shows almost as much variation in the 
fruit as any other. I expected to find an 
arillate capsule, particularly in the vicinity 
of Zanthoxylum with its thorns, large 
pinnate leaves and somewhat fleshy 
capsules with black seeds hanging on the 
funicles. But none has been reported. 
Then I heard in a letter from F. Kingdon- 
Ward that he had recently discovered a 
species in Burma which had red capsules 
with red arils surrounding the black seeds 
(n. 018966, 31 Oct. 1949) Naga Hills). 
Thus, Rutaceae, as well as Annonaceae, 
Guttiferae, Leguminosae, Meliaceae, Sapin- 
daceae, Apocynaceae and Scitamineae 
show the same fruit series which can be 
connected with the arillate as the primitive. 


The Sarcotesta 


Several persons have suggested to me 
that it is not the aril that is primitive, 
but the sarcotesta. That would give the 
Magnoliaceae a primitive fruit and seed, 
in accordance with the primitive flower. 
On the other hand, it would give the 
Euphorbiaceae a primitive mark not in 
accordance with their other characters. 
There are certain facts, however, which 
militate against the suggestion. 

In several genera there is both an aril 
and a sarcotesta, e.g. Xylopia, Dillenia, 
and Sterculia. If the characters of the 
sarcotesta have been transferred to a third 
integument, as the aril, then such species 
as Sterculia macrophylla with minute aril 
( Corner, 1949a; Fig. 7) must be evolving 


the new aril, but I think that it is very 
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unlikely that a modern species should be 
evolving a new feature as a useless rudi- 
ment. Bixa orellana is comparable, having 
a red-dotted sarcotesta and an apparently 
functionless, small, white aril which just 
covers the micropyle. Is this isolated 
genus in its own family really on the up- 
grade in fruit mechanism? Again, Ade- 
nanthera pavonina ( Leguminosae-Mimo- 
soideae ) has a hard, red testa, no sarco- 
testa, and a small pinkish rudiment of 
an aril. Here is the same situation as in 
Bixa without the sarcotesta ; it is an 
aril problem which in the Leguminosae 
is illuminated by the arillate genera such 
as Acacia with all stages in the loss of the 
aril and the degeneration of the arillate 
legume to the indehiscent state. In the 
Connaraceae, as mentioned, the sarcotesta 
appears to be evolving as the expansion 
of the chalazal part of the testa on to 
which the aril characters are transferred, 
and this sarcotesta is very different mor- 
phologically from that of Magnolia, Bixa 
or Sterculia. 

The sarcotesta is really a seed-coat 
problem, dependent on the microscopic 
structure of the outer integument and, 
to a less usual extent, of the inner integu- 
ment. If the testa differentiates a thick- 
walled outer epidermis, there can be no 
true sarcotesta, which is why such is 
lacking from Leguminosae and Connara- 
ceae. If, on the other hand, the thick- 
walled layer is hypodermal or still more 
deeply seated, the external thin-walled 
tissue can become a pulpy sarcotesta, as 
in the Dillenia seed and that of Paeonia. 
In the series Bombacaceae, Malvaceae, 
Sterculiaceae and Euphorbiaceae, the 
layer of prismatic cells with very thick 
walls passes from an outer hypodermal 
position in the Bombacaceae to the inner 
epidermis of the outer integument and 
then to the outer epidermis of the inner 
integument, as in Sterculia and Euphor- 
biaceae: thus, in these last, the whole 
outer integument is parenchymatous and 
forms the sarcotesta. The woody layer 
of the magnoliaceous seed is also deep 
seated in the outer integument and may 
well have been derived from a superficial 
position connected with a functional aril: 
and this is the condition in the Myris- 
ticaceae. In fact, the more one studies 
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seed-coat structure, the more important 
does it appear. In the Ranalean families, 
Magnoliaceae, Ranunculaceae, Nymphaea- 
ceae, Annonaceae, Myristicaceae, Lau- 
raceae and Berberidaceae, the seed-coat 
structure is so different that the Ranales 
are seen to be a grade of families at the 
level of apocarpy and polypetaly, and not 
a phyletic series. 

It is for these reasons that I regard the 
sarcotesta as the facultative character 
and the aril as the primary. The loss of 
the aril, as a third integument, in the 
archychlamydeous seed is comparable 
with the loss of the outer, or second, 
integument in the metachlamydeous 
seed. 


List of Arillate Families and Genera 


DICOTYLEDONES-ARCHICHLAMY DEAE 


Actinidiaceae: ? Actinidium and Saurauia 
( Svedelius, Svensk bot. Tidskr. 1911, 
Viet 715) 

Aizoaceae: Glinus, Macarthuria, Sesuvium 


Amaranthaceae: Allmania, Chamissoa, 
Ptilotus 

Annonaceae: Annona, Canangium, Xylo- 
pia 

Berberidaceae: Crossosoma, Epimedium, 
Jeffersonia 


(? Caulophyllum, ? Podophyllum ) 

Bixaceae: Bixa 

Bombacaceae: Coelostegia, Cullenia, Durio 
(incl. Boschia ), Neesia 

Bruniaceae: Linconia, Staavia 

Cactaceae: ? the investment of the seed 

Caricaceae: abnormal fleshy arillodes in 
Carica papaya 

Caryophyllaceae: ? the hair-tuft on seeds 
of Petracoptis spp. and the elaiosome 
of some genera 

Celastraceae: Celastroideae (all genera, 
? Kokoona ): Cassinioideae ( Glossopeta- 
lum, Gyminda pr. p., Perrotetia, Rha- 
coma pr. p.) 

Connaraceae: most genera (see p. 471 ) 

Dilleniaceae: all genera except Dillenia 
pr. p. 

Elaeocarpaceae: Sloanea 

Flacourtiaceae: Carpotroche, Casearia, Eu- 
ceraea, Hounea, Laetia, Lunania, Mayna, 
Oncoba, Osmelia, Paropsia (? Ryparosa, 
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? Erythrospermum ); a doubtfully na- 
tural family £ 

Fumariaceae: Corydalis 

Guttiferae: most genera of Clusieae ( see 
p. 470 ) 

Gyrostemonaceae: all genera 

Hippocastaneaceae: Billia 

Lecythidaceae: Gustavia (? Lecythis ) 

Leguminosae: Mimosoideae ( Acacia, Ade- 
nanthera, Pithecellobium ); Caesalpini- 
oideae ( Afzelia, Copaifera, Damella, 
Detarium, Hymenaea, Intsia, Pahudia, 
Paradaniella, ? Pseudosindora, Schotia, 
Sindora, Tamarindus, ? Trachylobium ) ; 
Swartzioideae ( Swartzia ); Papiliona- 
tae ( Arillaria, and most genera have 
a rim aril ) 

Melastomataceae: Amphiblemma, Calvoa, 

Gravesia, Veprecella 

Meliaceae: Aglaia, Amoora, À phanamixis, 

Chisocheton, Dysoxylum, Ekebergia 

Melianthaceae: Bersama 

Monimiaceae: Siparuna 

Myristicaceae: all genera 

Nymphaeaceae: Euryale, Nymphaea, Vic- 
toria ( vestigial ) 

Oxalidaceae: Oxalis 

Paeoniaceae: Paeonia with trace of fleshy 


funicle 

Papaveraceae: Bocconia, Chehdonium, 
Machaeria 

Passifloraceae: Adenia, Deidamia, Modecca, 
Passiflora 


Phytolaccaceae: Barbewa, Rivina, Stegno- 
sperma (red capsule, red aril); ? Codo- 
nocar pus, Didymotheca and Gyrostemon 

Pittosporaceae: ? the red pulp embedding 
the seeds of Pittosporum 

Polygalaceae: Polygala pr. p. 

Portulacaceae: Calandrinia 

Rhamnaceae: only in Rhamneae, es- 
pecially Alphitonia, Cryptandra, Poma- 
derris, Spyridium: minute in Ceano- 
thus pr. p., Colubrina pr. p., Emmeno- 
spermum, Noltea, Phylica pr. p. 

Rhizophoraceae: Cassipourea, Crossostyles, 
Weihea 

Rutaceae: Zanthoxylum ( see p. 473) 

Salicaceae: ? the hair-tuft on the seed 

Samydaceae: Samyda 

Sapindaceae: ( see p. 472) 

Stachyuraceae: Stachyurus 

Sterculiaceae : Abroma, Commersonia, Lasto- 

© petalum, Leptonychia, Ruelingia, Ster- 
culia, Thomasia 
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Theaceae: Anneslea 

Thymelaeaceae: ? Agwilaria and Gyri- 
nopsis 

Tremandraceae: Tetratheca, Tremandra 

Turneraceae: all genera 

Violaceae: Alexis, Hybanthus, Viola pr. 
p. 


DICOTYLEDONES-METACHLAMYDEAE 


Apocynaceae: Neokeithia, Tabernaemon- 
tana (? all Tabernaemontaneae ) 
Asclepiadaceae: ? the hair-tuft on the 
seeds 

Gesneraceae: ? the hair-tuft on the seeds 
of Trichosporeae 

Hydrophyllaceae: Nemo phila 

Plumbaginaceae: ? the hair-tuft on the 
seed - 

Primulaceae: Primula pr. p. 

Rubiaceae: ? the red pulp embedding the 
seeds of Gardenia spp. 


MONOCOTYLEDONES 


Bromeliaceae: ? the hair-tuft on the seed 

Cannaceae: ? the hair-tuft on the seed 

Commelinaceae: Dichorisandra, Forrestia 

Iridaceae: Iris sect. Oncocyclus, Pseudo- 
regelia and Regelia with yellow-white 
aril: /. ruthenica ? 

Juncaceae: ? the appendage on the seed 

Liliaceae: Asphodelus, Colchicum 

Lowiaceae: Orchidantha 

Marantaceae: most genera (see p. 468) 

Repateaceae:? the appendage on the 
seed 

Strelitziaceae: Phoenakospermum, Rave- 
nala, Strelitzia (see p. 468) 

Zingiberaceae: most genera (see p.468) 


Summar y 


Evidence that the arillate fruit is pri- 
mitive is adduced from the Scitamineae, 
Annonaceae, Dilleniaceae,  Guttiferae, 
Sterculiaceae, Connaraceae, Meliaceae, Sa- 
pindaceae, Lecythidaceae, Apocynaceae 
and Rutaceae. It is considered that the 
sarcotesta may be derived from the aril 
or that it is an independent product of the 
thin-walled outer layers of the testa. A 
list is given of families with arillate genera. 
To avoid eclecticism, biological theory 
must be tested phyletically. 
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EMBRYOLOGY OF SHOREA TALURA ROXB. 


A. NAGARAJA RAO 
Department of Botany, Central College, Bangalore, India 


Introduction 


The family Dipterocarpaceae is tro- 
pical or subtropical. Six genera are found 
in South India. Of these Shorea is placed 
in the subtribe Shoreae by Engler and 
Prantl (1888). Gamble (1925) records 
three species in South India of which 
Shorea talura Roxb. is cultivated in and 
around Bangalore for the extraction of lac. 
It grows to a height of 40-50 feet and 
flowers during the months of January to 
April. The white fragrant flowers are 
arranged in axillary or terminal panicles. 
The earlier work on this family, which is 


extremely meagre, has been reviewed by 
Schnarf (1931). 


Material and Methods 


The material was collected in Bangalore 
and fixed in formalin-acetic-alcohol and 
Bouin’s fluid of which the former gave 
better results. Customary methods of 
dehydration and embedding were followed. 
Sections were cut at a thickness of 12 to 
20 microns and stained in Heidenhain’s 
iron alum haemotoxylin with eosin and 
erythrosin as a counterstain. Consider- 
able difficulty was experienced while 
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cutting the material due to the presence 
of hairs and the deposition of tannin in 
almost all parts of the flower. 


Observations 


GLANDS AND Haırs — Many multi- 
cellular stalked glands are present on the 
calyx and the corolla lobes. To start with, 
an epidermal cell elongates ( Fig. 1) and 
grows out in the form of a papillate 
protrusion. Then it divides transversely 
forming an outer and an inner cell (Fig. 2). 
The inner gets merged in the epidermal 
layer ( Figs. 3-5) while the outer divides 
two or three times vertically forming a 
gland of 6-8 cells. The lower two cells 
form the stalk of the gland. (Fig. 6). 


14 


Fics. 1-16 — Stages in the development of glands. x 450. 
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During the early development of the 
flower a number of unicellular as well as 
multicellular hairs are present on the 
bract and bracteoles. The basal portion 
of the unicellular hair is embedded in the 
epidermis and the terminal portion tapers 
to a fine point (Fig. 7). In the young 
hair the nucleus is situated at the base, 
but it soon migrates upwards (Fig. 8). 
Multicellular hairs are composed of 3-4 
cells of which the lowest merges with the 
epidermal layer (Fig. 9). 

ORGANOGENY — Sections through - the 
inflorescence show that the bract is a 
lateral outgrowth in whose axil arises 
the floral primordium. This soon dif- 
ferentiates into the floral receptacle and 
pedicel (Fig. 10). The bracteole arises 
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Figs. 7-9. Unicellular and multi- 


cellular hairs. x 225. Figs. 10-16. Stages in the development of the flower. x 50. 
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later and on the receptacle the calyx, 
corolla, stamens and carpels develop in 
acropetal succession ( Figs. 11-16). The 
tannin deposition also gradually increases 
and is conspicuous in the pedicel, calyx, 
corolla and the wall of the ovary. 

MICROSPORANGIUM AND MALE GAMETO- 
PHYTE — The stamens are twelve to 
fifteen in number arranged in three 
whorls. The anther has four locules. 
The connective continues further in the 
form of a long whip-like structure ( Fig. 
17). A transverse section of the young 
anther shows a plate of four to six hypo- 
dermal archesporial cells in each lobe 
(Fig. 18). They divide periclinally to 
form the primary parietal and the primary 
sporogenous layers (Fig. 19). The for- 
mer undergoes further periclinal divisions 
to form the wall of the anther, while the 
sporogenous cells, after undergoing a few 
more divisions, become converted into 
spore mother cells ( Fig. 20). The outer- 
most layer is the epidermis, next comes 
the endothecium, then the three middle 
layers and finally the glandular tape- 
tum whose cells become binucleate ( Figs. 
20, 21). The microspore mother cells 
undergo the usual reduction divisions 
( Figs. 22-25 ) and form tetrads of micro- 
spores. Quadripartition of the microspore 
mother cells takes place by centripetal 
furrows (Fig. 26) and the microspores 
are arranged in the form of tetrads which 
may be isobilateral (Fig. 27), tetrahedral 
( Fig. 28) or decussate ( Fig. 29). 

The young microspore has a prominent 
nucleus situated in the centre and is sur- 
rounded by dense cytoplasm ( Fig. 30). 
Later the nucleus moves to the periphery 
and divides to produce a small lenticular 
generative cell ( Figs. 31,32) and a large 
tube cell. The generative cell moves into 
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the middle of the pollen grain ( Fig. 33 ). 
The pollen grain has a thick exine and a 
thin intine and is a tricolpate structure. 

The dehiscence of the anther takes place 
by the disintegration of the wall layers. 
The wall is usually made up of 4-5 layers 
of cells (Figs. 37-39). Only in the 
middle region where the two correspond- 
ing locules meet, there are fewer layers of 
cells. These cells are also of smaller size 
(Fig. 38) and later on shrink and dis- 
organize (Fig. 35,36). The disintegra- 
tion of the wall layers brings about the 
dehiscence of the anthers as the endothe- 
cium is not prominent and does not show 
any fibrous thickenings ( Figs. 34-39 ). 

Ovary — The ovary is superior, bi- 
carpellary, syncarpous and bilocular with 
two or three anatropous bitegmic ovules 
in each locule. To begin, with the wall 
of the ovary consists of 10-12 layers of 
cells, the outermost of which has a well- 
developed cuticle ( Fig. 40). As the wall 
thickens, the innermost layer becomes 
hard and sclerosed and takes a protective 
röle (Figs. 41, 42). The young ovules are 
attached to the central placenta ( Fig. 43 ). 
Only one of them develops after fertiliza- 
tion while the rest degenerate and abort 
(Fig. 44). The functional ovule be- 
comes very large and occupies the entire 
cavity of the ovary (Fig. 45) which now: 
becomes unilocular. 

MEGASPORANGIUM AND FEMALE GAMETO- 
PHYTE — The ovule appears as a conical 
outgrowth on the placenta. Figs. 46-49 
represent the stages in its development. 
The inner integument develops first and 
is 2-3-layered ( Figs. 52, 53). The outer 
integument is 5-layered (Fig. 50). The 
inner integument forms the micropyle in 
which part it consists of many layers of 
cells. The funicular strand ends at the 
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Fics. 17-44 — Fig. 17. Stamen, note the prolonged connective. x 12. Fig. 18. Part of the 
cross-section of anther showing archesporial cells. x 450. Fig. 19. Primary parietal and sporogenous 


layers. x 450. 


in development of pollen grain. X 450. 


Figs. 20-21. Stages in development of anther wall. x 225. 


Figs. 22-25. Stages 


Fig. 26. Formation of a tetrad. x 450. Figs. 27-29. 


Isobilateral, tetrahedral and decussate tetrads. x 450. Fig. 30. Uninucleate microspore. x 450. 


Fig. 31. Division of microspore nucleus. x 450. 
Figs. 34-39. Outline and cellular details of anthers to show the dehiscence of anthers. 


x 100; 37-39, x 50. 
x 200, x 40. 
of young ovary showing the ovules. x 10. 


Figs. 32-33. Two-celled pollen grains. x 450. 
Figs. 34-36, 


; Figs. 40-41. Portions of ovary wall at different stages of fruit development. 
Fig. 42. The innermost fibrous wall layer of the ovary. x 140. Fig. 43. Outline 


Fig. 44. Outline of ovary at a later stage showing the 


well-developed single ovule; note the degenerated ovules. x 10. 
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Fics. 17-44. 
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Fies. 45-51 — Fig. 45. Transverse section of the same showing the well-developed ovule and 
the degenerated ovules. ow ovary wall; ov, well-developed ovule; 0, degenerated ovules; PI, 
placenta; vb, vascular bundles. x 225. Figs. 46-49. Stages in development of anatropous 
ovule. x 100, x 60, x 60, x 40. Fig. 50. Outer and inner integuments. n, nucellus; ii, inner 
integument; oi, outer integument. x 180. Fig. 51. Basal portion of ovule to show funicular 
strand and rows of cells that connect the strand with chalazal end of embryo sac. x 215. 


—> 

Fics. 52-65 — Fig. 52. L.S. young nucellus showing primary archesporial cell. x 180. Fig. 
53. Primary parietal cell and megaspore mother cell. x 180. Fig. 54. Megaspore mother cell and 
uniseriate parietal tissue. x 180. Figs. 55-56. Linear and T-shaped tetrads. x 485. Figs. 
57-59. Uninucleate, binucleate and four-nucleate embryo sacs. X 485. Fig. 60. Eight-nucleate 
embryo sac before organization. x 485. Fig. 61. Mature embryo sac. x 485. Fig. 62. Fertilized 
egg and four endosperm nuclei. x 485. Fig. 63. Peripheral placing of the free endosperm nuclei. 
Note the basal enlarged portion of the ovule. x 24. Fig. 64. Later stage to show the wall for- 
mation around the endosperm nuclei near the micropylar end and free nuclei in the chalazal end. 
Note the intruding basal nucellar tissue. X 30. Fig. 65. Cellular endosperm. x 30, 
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Fies. 52-65. 


- x 180. Figs. 67-68. Two-celled embryos. 
Figs. 70-83. Stages in development of embryo. 


Fics. 66-83 — Fig. 66. First division of zygote 
x 180. Fig. 69. Four-celled embryo. x 180. 
x 180. 
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base of the chalaza ( Fig. 49). At about 
the mature embryo sac stage four rows of 
elongated cells connect the basal portion 
of the embryo sac with the funicular 
strand (Fig. 51). They function in the 
transport of food material from the 
funicular strand to the antipodal end of 
the embryo sac. 

There is usually a single hypodermal 
archesporial cell ( Fig. 52) which divides 
periclinally producing the primary parie- 
tal cell and the megaspore mother cell 
(Fig. 53). The former divides to form 
a row of wall cells so that the’ megaspore 
mother cell becomes deep-seated ( Fig. 
54). Linear as well as T-shaped tetrads 
(Figs. 55, 56) occur and the chalazal 
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megaspore functions. The nucleus of the 
functioning megaspore divides thrice to 
form an eight-nucleate embryo sac of 
the Polygonum type ( Figs. 57-61). The 
mature embryo sac is an elongated 
structure with the antipodals situated in 
the narrow pouch-like chalazal end. The 
two polars usually meet near the egg 
apparatus. 

ENDOSPERM — The primary endosperm 
nucleus which lies in the centre of the 
embryo sac divides considerably earlier 
than the fertilized egg (Fig. 62). The 
endosperm nuclei become arranged peri- 
pherally by the formation of a central 
vacuole (Fig. 63). By this time the 
chalazal end of the embryo sac begins to 
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Fics. 84-87 — Fig. 84. Longi- 
section of seed showing mature 
embryo with unequal coty- 
ledons. X 180. Fig. 85. Seed 
coat. oi, outer integument; ii, 
inner integument. x 180. Fig. 
86. T.S. of wing showing the 
vascular bundles. x 12. Fig. 
87. A portion of the same 
enlarged. x 20. 


484 


enlarge and becomes broader than the 
micropylar end. It grows down and 
around the chalazal part of the nucellus 
which appears to be jutting into the 
cavity of the sac. The nuclei in the 
lower part are larger than the rest. Wall 
formation begins at the micropylar end 
and gradually extends downwards ( Fig. 
64). At this stage the two integuments 
show conspicuous invaginations resulting 
in the formation of a number of pouch- 
like structures ( Fig. 65). The endosperm 
is gradually used up in the micropylar 
part. Later it is completely con- 
sumed, so that the mature seed is non- 
endospermic (Fig. 84). 

EmBryo — The first division of the 
zygote is oblique ( Figs. 66, 67 ) and some- 
times transverse (Fig. 68). Both of the 
daughter cells divide obliquely to form 
the four-celled proembryo (Fig. 69). 
Further divisions are irregular and oblique 
and show no definite pattern ( Figs. 70- 
83). Only a few cells in the micropylar 
region show a vacuolate condition and 
thus no distinct suspensor is organized. 
The mature embryo is long with unequal 
cotyledons (Fig. 84) which finally grows 
and occupies almost the whole of the 
horse-shoe-shaped ovule. 

SEED CoAT — The outer integument of 
the mature seed consists of five rows of 
cells, out of which the cells of the outer- 
most layer are full of tannin. The inner 
integument consists of four to six layers 
of loosely arranged cells with prominent 
cell contents (Fig. 85). This becomes 
many-layered in the lower portion of the 
seed. The seed is surrounded on all 
sides by the persistent winged calyx 
lobes. A transverse section shows that 
it is made up of 10-12 layers of cells with 
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10 vascular bundles ( Figs. 86, 87). On 
the dorsal as well as on the ventral side 
the epidermal cells are filled with tannin. 


Summary 


The floral parts originate in acropetal 
succession. Multicellular stalked glands 
are present on the sepals and develop 
from the epidermis. Multi- as well as 
unicellular hairs are also present. 

The wall of the anther consists of five 
layers of cells external to the tapetum. 
The tapetal cells are binucleate and the 
endothecium does not show the usual 
fibrous thickenings. The dehiscence of 
the anther takes place by the disinte- 
gration of the wall layers. The pollen . 
grains are two-celled at the time of 
shedding. 

The ovary is superior and bilocular 
with two to three anatropous bitegmic 
ovules in each locule arranged on an axile 
placenta. Only one ovule develops after 
fertilization. The remaining abort and 
the ovary becomes unilocular. 

The development of the embryo sac 
follows the Polygonum type. The endo- 
sperm is free nuclear, but later becomes 
cellular. The development of the embryo 
does not show any regular pattern of cell 
divisions. 

The mature embryo has two unequal 
cotyledons and the seed is nonendo- 
spermic. The structure of the seed coat 
is described. 


Grateful thanks are due to Prof. P. 
Maheshwari for revising the manuscript. 
I also thank Prof. L. N. Rao and Mr. 
M. Anantaswamy Rao for their kind 
encouragement and guidance. 


Litrature Cited 


ENGLER, A. & PRANTL, K. 1888. “ Die natür- 
lichen Pflanzenfamilien.”’ 2 (4) Leipzig. 
GAMBLE, J. S. 1925. ‘‘ The Flora of the Presi- 


dency of Madras.” London. 
SCHNARF, K. 1931. ‘‘ Vergleichende Embryo- 
logie der Angiospermen.”’ Berlin. 


THE LIFE-HISTORY OF STACKHOUSIA LINARIAEFOLIA 
A. CUNN. WITH A DISCUSSION ON ITS 
SYSTEMATIC POSITION 


NIRMAL NARANG 
Department of Botany, University of Delhi, India 


Introduction 


Stackhousia linariaefolia A. Cunn. 
( = S. monogyna Labill.) is a member of 
the family Stackhousiaceae which com- 
prises 2 genera and 18 species occurring in 
Australia, Tasmania, New Zealand and 
the Philippine Islands. Very little is 
known of the embryology of this family. 
As early as 1901, Billings (quoted in 
Mauritzon, 1936) made some observa- 
tions on the development of the embryo 
sac in Stackhousia monogyna. Mauritzon 
(1936) considered this work to be un- 
satisfactory and himself made some ob- 
servations on megasporogenesis and dev- 
elopment of the gametophyte in three 
species, S. brunonis, S. pubescens and S. 
viminea. 

The present work was prompted on 
receipt, by Prof. P. Maheshwari, of some 
well-preserved material of S. linariaefolia 
from Miss W. M. Curtis of Tasmania. 
The material was very kindly passed on 
to me for study. 

The usual methods of dehydration and 
embedding were followed. The sepals 
and petals were removed to allow proper 
infiltration. Young seeds were treated 
with 10 per cent hydrofluoric acid in 70 
per cent ethyl alcohol. Sections were 
cut at a thickness of 6-12 microns and 
stained in safranin-fast green as well as 
iron-haematoxylin. Both the combina- 
tions proved satisfactory. Smear prepa- 
rations of anthers were also studied. 


Observations 


FLorAL MoRPHOLOGY — The bracteate, 
bisexual and sessile flowers are arranged 
in racemes. The relative disposition of the 
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floral organs is indicated by Figs. 1-7. 
The sepals and petals are 5 in number. 
The lobes of the corolla are obtuse and 
cream coloured. There are 5 stamens, 
three of which are longer than the other 
two, and 3-5 carpels unite to form an ovary 
with as many cells. The fruit separates 
into 1-seeded cocci which are prominently 
reticulate but not angled. The style is 
short and has 3-5 stigmatic lobes. The de- 
velopment of the floral organs is acropetal. 

MICROSPOROGENESIS — The young an- 
ther appears circular in outline but gra- 
dually becomes 4-lobed. In longisection 
each lobe shows 3-4 rows of hypodermal 
archesporial cells. The primary parietal 
layer, which is cut off from the outer cells, 
divides periclinally to give rise to the 
endothecium, a single middle layer and 
the tapetum ( Fig. 8). The middle layer 
degenerates during the heterotypic divi- 
sion of the mother cells and is not recog- 
nizable at the uninucleate stage of the 
pollen grains. The tapetum is glandular 
in nature and its cells become binucleate 
by mitotic division. Its remnants persist 
up to the 3-celled stage of the pollen grains. 
At maturity the outer wall of the epider- 
mis gets cutinized and the endothecium 
acquires the usual fibrous thickenings. 

The reduction divisions are simulta- 
neous and cytokinesis takes place by fur- 
rowing, resulting in isobilateral, tetrahedral 
( Figs. 9-13 ) or decussate tetrads. During 
cytokinesis a mucilage sheath appears in 
between the mother cell wall and the cyto- 
plasm of the mother cells. Finally, how- 
ever, the mucilage sheath as well as the 
original cell wall disappear and the micro- 
spores are set free. 

MALE GAMETOPHYTE— The newly form- 
ed microspore shows dense cytoplasm and 
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Fics. 1-7 — Floral morphology. a, anther; br, bract; f, filament of anther; p, petal; s, sepal. 
Fig. 1. Part of inflorescence showing buds, flowers and fruits. x 0-4. Fig. 2. Single flower. x 4-5. 


Fig. 3. Tricarpellary fruit. x 4-5. 


a centrally situated nucleus (Fig. 14). 
As usual, the nucleus is displaced towards 
the periphery due to the appearance of 
a large vacuole ( Fig. 15). 

The tube and the generative cells 
become separated by a hyaline membrane, 
but due to the disappearance of the latter 
the generative cell moves up and comes 
to lie near the vegetative nucleus ( Fig. 
16). The generative cell divides to form 


Fig. 4. L.S. flower. x 40. 
at levels ‘A’, ‘B’ and ‘C’ respectively. x 40. 


Figs. 5-7. Cross-sections of flower 


two male cells ( Fig. 17). The pollen is 
thus shed at the 3-celled stage. Mauritzon 
(1936 ) has reported 2-celled pollen grains 
in S. brunonis, but probably he examined 
only immature pollen. 

The pollen grain is tricolpate, oblate 
and spheroidal.* While the exine is reti- 
culate and shows spinescent projections, 


*Terminology according to Erdtman ( 1943 ). 
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the intine is thin and delicate. At matu- 
rity the pollen grains are full of starch and 
sometimes mask the nuclei ( Fig. 18). 
Frequently pollen grains, double the 
size of the normal, were observed ( Fig. 
19), the origin of which could not be 


FiGs. 8-19 —Microsporogenesis and male game- 


tophyte. Fig. 8. T.S. anther lobe showing 
epidermis, endothecium, middle layer, tapetum 
and microspore mother cells. x 530. Figs. 9, 
10. Microspore mother cells in metaphase and 
telophase of meiosis 1. x 1,000. Fig. 11. Inter- 
kinesis after meiosis 1, showing formation of 
ephemeral cell plate. x 1,000. Figs. 12, 13: 
Tetrahedral and isobilateral types of micro- 
spore tetrads. x 1,000. Figs. 14, 15. Uninucleate 
pollen grains. x 1,000. Fig. 16. Bicelled pollen 
grain. X 1,000. Fig. 17. Three-celled pollen 
grain. X 1,000. Fig. 18. Germinating pollen 
grain from stigma. x 1,000. Fig. 19. Abnormal 
pollen grain. x 1,000. 


487 


traced. These pollen grains seemed to 
be sterile and seem to disappear without 
playing any part in the process of fertili- 
zation. 

OVULE — Each of the three locules of 
the ovary contains a single tenuinucellate, 
bitegmic ovule. The primordium of the 
ovule is at first a straight structure. It 
gradually curves and even at the mega- 
spore mother cell stage it is already almost 
anatropous. The megaspore mother cell 
is covered only by the nucellar epidermis 
( Fig. 20) which disintegrates soon after 
megasporogenesis and only its remnants 
are distinguishable around the embryo 
sac ( Fig. 26). Consequently the embryo 
sac comes in direct contact with the 
inner integument. 

At the time of differentiation of the 
archesporial cell only the inner integument 
is present. Later the outer also appears 
and by the time of tetrad formation both 
the integuments are well advanced ( Fig. 
25). The inner is 2-3 layered and the 
outer 4-5 layered. At first the inner 
integument grows rapidly and is already 
bulging above the tip of the nucellus. 
However, its growth slackens and the 
outer integument, which grows faster, 
over-arches the inner. Thus the outer 
integument forms the micropyle. The 
outer integument now becomes quite 
massive and is 8-9 cells thick. Its outer 
epidermis and most of the cells in the 
micropylar region are cutinized. With 
the expansion of the embryo sac the inner 
integument gets absorbed and, therefore, 
at the time of fertilization the embryo sac 
is invested by the outer integument only 
( Fig. 29). A group of thick-walled cells 
at the chalazal end of the embryo sac 
constitutes a hypostase ( Figs. 26, 29). 

MEGASPOROGENESIS AND FEMALE 
GAMETOPHYTE — A single hypodermal ar- 
chesporial cell differentiates in the nucel- 
lus and functions directly as the megaspore 
mother cell ( Fig. 21). The first meiotic 
division results in the formation of two 
dyad cells (Fig. 22) and the second 
results in a linear or T-shaped tetrad of 
four megaspores (Figs. 23, 24). The 
chalazal megaspore functions. As it 
grows there is a progressive disorganiza- 
tion, first of the contiguous megaspore 
and then of the other two. As already 
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Fics. 20-31 — Megasporogenesis, female gametophyte and development of the ovule. hy, 
hypostase; ii, inner integument; oi, outer integument; vas, vascular supply. Fig. 20. L.S. ovule 
at megaspore mother cell stage. x 239. Fig. 21. Part of ovule showing megaspore mother cell 
and the nucellus. x 637. Figs 22) Dvad 34637. Figs. 23, 24. T-shaped and linear tetrads of 
megaspores; note one-layered nucellus. x 637. Figs. 25, 26. L.S. ovules at tetrad and 2-nucleate 
stages; the two integuments and degenerated nucellus to be noted. x 239. Fig. 27. Two-nucleate 
embryo sac. X 637. Fig. 28. Four-nucleate embryo sac. x 637. Fig. 29. L.S. ovule showing 
mature embryo sac and degeneration of inner integument. x 239. Fig. 30. Eight-nucleate embryo 


sac. X 637. Fig. 31. Mature embryo sac with secondary nucleus and multinucleate antipodals. 
X 637. 


NARANG — THE LIFE-HISTORY OF STACKHOUSIA LINARIAEFOLIA 


mentioned, later the nucellus and the 
inner integument also disorganize. The 
two nuclei formed by the division of the 
functional megaspore nucleus migrate to 
opposite ends of the cell (Fig. 27). 
Before these nuclei divide again, the 
embryo sac becomes greatly elongated 
and a large vacuole occupies the middle 
part. The four- and eight-nucleate stages 
follow ( Figs. 28, 30). The latter shows 
the Polygonum type of organization ( cf. 
Maheshwari, 1950) (Figs. 29-31). The 
synergids are ephemeral and degenerate 
before fertilization. The two’ polar nu- 
clei lie in the centre of the embryo sac 
and are surrounded by dense cytoplasm. 
The nucleus in each antipodal cell divides 
to form 6-8 nuclei (Fig. 31). The 
remains of the antipodal cells are re- 
cognizable until after the endosperm has 
begun to form. 

FERTILIZATION — The style was ob- 
served to be crowded with pollen tubes. 
The male cells are preceded by the tube 
nucleus. Out of the large number of 
fertilized embryo sacs examined, only 
two showed traces of the pollen tube. 
Evidently the latter is a short-lived 
structure which is absorbed soon after 
it has entered the embryo sac and affected 
fertilization. The synergids disorganize 
before fertilization. 

ENDOSPERM — The endosperm is of the 
Nuclear type ( Fig. 33). Division of the 
primary endosperm nucleus precedes that 
of the oospore (Fig. 32). Earlier divi- 
sions are synchronous, but in later stages 
some of the nuclei may be in prophase 
while others are in metaphase or telophase 
(Fig. 34). Finally the nuclei become 
more or less uniformly distributed in a 
thin layer of peripheral cytoplasm. After 
the formation of about 128 nuclei, centri- 
petal wall formation is initiated. Walls 
are first laid down in the region of the 
proembryo and gradually extend towards 
the antipodal end. As the embryo reaches 
maturity, the entire embryo sac is filled 
with cellular endosperm. 

Occasionally some vesicular nodules, 
which seem to become abstricted from 
the general cytoplasm, extend into the 
central endosperm cavity, but they do 
not contain any nuclei (Fig. 35). This 
feature has not so far been reported in 
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Fics. 32-35— Development of endosperm. emb, 


embryo; nd, cytoplasmic nodules. Fig. 32. An 
obliquely cut embryo sac showing free nuclear 
endosperm and undivided zygote. x 274. Fig. 
33. Later stage of free nuclear endosperm. x 137. 
Fig. 34. Centripetal cell formation. X 137. Fig. 
35. Endosperm showing cytoplasmic nodules. 
STE 
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the Stackhousiaceae but is known in 
other plants. Narayanaswami (1953) 
reported similar non-nucleated vesicules 
in Pennisetum typhoideum and nucleated 
endosperm nodules have been reported in 
Musa errans ( Juliano & Alcala, 1933 ), 
Impatiens roylei (Dahlgren, 1934) and 
Isomeris arborea ( Billings, 1937). In Iso- 
meris the nodules are said to give rise to 
embryos, but this point needs confirma- 
tion (Maheshwari & Khan, 1953). 


Embryo 


Apparently the first division of the 
oospore is transverse. Although my mate- 
rial showed no division stages, it appears 
that the basal cell divides transversely 
and the terminal cell divides vertically 
(Fig. 36). Vertical divisions extend 


upward leaving only one undivided cell 
at the micropylar end. This may be said 
to represent the suspensor ( Figs. 37, 38 ). 


Fics. 36-44 — Development of embryo. For 
explanations see text. Figs. 36-43, x 430. Fig. 
44, X 27. 
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Further development is illustrated in 
Figs. 39-43. The mature embryo has two 
cotyledons and the plumule ( Fig. 44). 


Seed and Fruit 


The inner integument, which is 2-3- 
layered in the young ovule, is consumed 
by the developing embryo sac and in post- 
fertilization stage only its remnants are 
seen at the micropylar end. 

At the time of fertilization the outer 
integument is 7-9 layered (Fig. 45). 
With the development of the embryo sac 
all the layers, except the inner and the 
outer epidermis, remain thin-walled and 
parenchymatous ( Fig. 46). The cells of 
the inner epidermis undergo a general 
enlargement while those of the outer epi- 
dermis elongate tangentially and unequally 
in various parts of the seed. In a mature 
seed the outer epidermis becomes filled 
with tannin ( Fig. 46). 

At the mature embryo sac stage the 
ovary wall consists of 8 layers of cells 
(Fig. 47). During the transformation 
of the ovary wall into the pericarp, the 
inner and outer tangential walls of the 
inner epidermal layer become thickened 
and the outer tangential wall of the outer 
epidermis becomes highly cutinized. The 
hypodermis can be distinguished into two 
zones: an outer thin-walled region of 
parenchymatous cells and an inner thick- 
walled region of sclerenchymatous cells 
( Figs. 48, 49). 


Discussion and Systematic Position 


The systematic position of the Stack- 
housiaceae has been a matter of some 
controversy. Bentham and Hooker 
(1883) placed it in the order Celastrales 
between the families Celastrineae and 
Rhamneae. Engler and Prantl (1889) 
include it in the order Sapindales, between 
the Salvadoraceae and Staphyleaceae. 
Hutchinson (1926) assigns the family to 
the order Celastrales and, like Engler, 
places it next to the Salvadoraceae. 
Stant (1951), on the basis of anatomical 
studies, concludes that the family Stack- 
housiaceae most closely resembles certain 
genera of the Scrophulariaceae, Selagina- 
ceae, Primulaceae and Lobeliaceae. 
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: Fics. 45-49 — Testa and pericarp. emb, embryo; end, endosperm; ii, inner integument; of, outer 
integument; ow, ovary wall; pe, pericarp; fs, testa; vas, vascular supply. Figs. 45, 46. L.S. testa 


at the stage of mature embryo sac and globular embryo. x 324. 
the mature embryo sac stage. X 324. Fig. 48 L.S. ovule. x 36. 
larged from the ovule shown in Fig. 48. x 324. 


In all species of Stackhousia the ovule 
is bitegmic and tenuinucellate. The 
single-layered nucellar epidermis degene- 
rates early and the embryo sac comes 
in direct contact with the inner integu- 
ment. Since the micropyle is extremely 
narrow and imperceptible, the ovule gives 
the false impression of being unitegmic and 
crassinucellate and Billings (1901) was 
misled to think that it was really so. 
Mauritzon ( 1936 ) showed clearly that the 
ovule is bitegmic and tenuinucellate and 


Fig. 47. Part of ovary wall at 
Fig. 49. Part of pericarp en- 


my observations support this. The cells of 
the inner integument are consumed by the 
developing embryo sac in the same way 
as those of the nucellus are consumed in 
many ovules. The behaviour of the anti- 
podal cells is variable. In S. monogyna 
10-15 antipodals were observed by Billings 
(1901). Later Mauritzon (1936) re- 
ported a similar condition in S. brunoms, 
S. pubescens and S. viminea. In S. lina- 
riaefolia the antipodals are multinucleate, 
The endosperm is Nuclear. 
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The embryological resemblances and 
divergences between the Stackhousiaceae 
and some other families may now be dis- 
cussed in the light of the above. 

Comparing the Stackhousiaceae with 
the Rhamnaceae, there is no marked 
similarity between the two while the 
divergences are quite pronounced. In 
Rhamnaceae ( Kajale, 1944; Arora, 1953) 
the embryo sac is of the Allium type while 
in the Stackhousiaceae it is of the mono- 
sporic eight-nucleate type. In the Rham- 
naceae the nucellus is massive and the 
epidermis divides to form an epidermal 
cap, the ovular archesporium is multi- 
cellular and parietal cells are cut off, 
while in Stackhousta these characters are 
absent. 

As to Stant’s (1951) suggestion of an 
affinity between the Scrophulariaceae and 
the Stackhousiaceae, it is interesting to 
note that in the former ( Krishna Iyengar, 
1942) the ovule is unitegmic, there are 
three-uninucleate antipodals, the endo- 
sperm is Cellular, and there are well-dev- 
eloped endosperm haustoria. None of 
these features is recapitulated in the 
Stackhousiaceae. 

Stant’s other suggestion that the Stack- 
housiaceae may be allied to the Lobelia- 
ceae also finds no support on embryo- 
logical grounds. In Lobeliaceae ( Kausik 
& Subramanyam, 1945) also there is a 
single integument, the antipodals are 
uninucleate, the endosperm is Cellular 
and both micropylar and chalazal haus- 
toria are present. 

Concerning the taxonomic affinities of 
the Stackhousiaceae with the Celastrales 
in general and the family Hippocrateaceae 
in particular which is said ( Mauritzon, 
1936) to form a transition between the 
Stackhousiaceae and Celastraceae, it is 
to be noted that in the Celastraceae the 
ovule is bitegmic and weakly crassinucel- 
late with only one layer of parietal tissue 
between the megaspore and the nucellar 
epidermis. In the Stackhousiaceae there 
is an advance from a weakly crassinucel- 
late to a typically tenuinucellate condition. 
In both the families the outer integument 
forms the micropyle while the inner inte- 
gument is consumed by the embryo sac; 
the nucellus degenerates at the 2-nucleate 
and 4-nucleate stages of the embryo sac; 
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the embryo sac is monosporic and 8-nuc- 
leate; and the endosperm is Nuclear. 

On embryological grounds, therefore, 
the family Stackhousiaceae is more ap- 
propriately assigned to the Celastrales 
than near the families Scrophulariaceae, 
Selaginaceae or Lobeliaceae. Thus the 
position assigned to the Stackhousiaceae 
by Engler appears justified. Further 
studies on the morphology and embryo- 
logy of allied families are necessary before 
final conclusion can be arrived at. 


Summary 


The flowers are small, bracteate, ses- 
sile, bisexual, pentamerous and arranged 
in a raceme. The pistil is tricarpellary. 
The floral parts develop in acropetal 
succession. 

The four-lobed anther has a hypodermal 
archesporium. The wall consists of the 
epidermis, a fibrous endothecium, a single 
middle layer and a binucleate glandular 
tapetum. The reduction divisions are 
simultaneous and quadripartition takes 
place by furrowing. Tetrahedral, iso- 
bilateral and decussate tetrads are formed. 
The mature pollen grain is 3-celled and 
tricolpate and is provided with a reticulate 
thicker exine. 

The ovules are bitegmic, anatropous 
and tenuinucellate. The nucellus disinte- 
grates very early and after that the inner 
integument. The outer and the inner epi- 
dermal layers of the outer integument get 
cutinized in the region of the micropyle. 

The hypodermal archesporial cell func- 
tions directly as the megaspore mother 
The development of the embryo 
sac is of the Polygonum type. The syner- 
gids degenerate early, but the antipodal 
cells become multinucleate. 

The endosperm is Nuclear. Occasionally 
some cytoplasmic nodules are abstricted 
from the peripheral part of the endosperm 
and extend into the central cavity of the 
embryo sac. Wall formation is centri- 
petal and the mature endosperm cells 
store starch. 

The first division of the oospore is trans- 
verse. The basal and the terminal cells 
divide transversely and vertically respec- 
tively. The mature embryo is typically 
dicotyledonous. 
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In the seed coat the outer epidermis be- 
comes tanniferous. The pericarp is divi- 
sible into an outer thin-walled and an inner 
thick-walled sclerenchymatous region. The 
outer epidermis becomes highly cutinized. 

Some of the pollen grains are twice the 
size of the normal ones and occur along 
with them in the same loculus. 
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The available embryological data in- 
dicate that the family Stackhousiaceae is 
closest to the Celastraceae and the Hippo- 
crateaceae. 


I am indebted to Prof. P. Maheshwari 
and Dr. B. M. Johri for their direction 
and help throughout the work. 
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NORTHEN, H. T. 1953. “ Introductory 
Plant Science.” Pp. 594. The Ronald 
Press Company, New York. $5.50. 


THIS is a satisfactory text for an elemen- 
tary course. The topics have been well 
chosen and recent work in various fields 
has been incorporated. The language is 
clear, concise and straightforward. The 
fundamental concepts are stated with 
clarity and the student is led from simpler 
to more advanced facts. The author has 
tried to invoke the interest of the 
student by eliminating unnecessary em- 
phasis on too many technical terms. They 
have been introduced only where ab- 
solutely necessary. 

The role of botany in relation to human 
affairs is getting more and more promi- 
nence day by day. Most elementary text- 
books ignore this interesting and at the 
same time important field of study. How- 
ever, the student will feel much more 
interested in any botanical course where 
he is likely to know how investigations in 
botanical science have been exploited for 
human welfare. The present author has 
fully taken care of such an approach. 

The book is divided into 40 chapters 
of which the first deals with ‘ Botany in 
Human Affairs’. Eleven chapters are 
devoted to vegetative and reproductive 
organs of plants, anatomy, seed and 
fruit structure, and germination. Plant 
physiology and ecology are spread over 
thirteen chapters; genetics, variation and 
evolution cover four; and the remaining 
eleven chapters are devoted to the study 
of different groups of plants from algae 
to angiosperms. 

The photographs are excellent except in 
a few cases, but many of the diagrams are 
amateurish, such as Figs. 36-2 (p. 499), 
36-4 (p. 500), 36-6 . 503), 36-14 
(p. 510), 37-12 (p. 521), 39-5 (p. 547) 
and 39-7 (p. 549). In Fig. 20-1 
(p. 247) what is considered to be the 
generative nucleus of the pollen grain 
may really be the tube nucleus and vice 


versa. In Fig. 20-9 (p. 255) the pollen 
tube has been shown to grow in the space 
between the ovule and the ovary wall. 
This is certainly not true, for the pollen 
tube grows along the inner wall of the 
ovary. 

Among contemporary text-books of 
elementary botany Dr. Northen’s “ In- 
troductory Plant Science ’’ may be con- 
sidered to be one of the best. The price 
is quite reasonable. It is hoped that the 
line drawings will be improved in the 


next edition. 
B. M. JOHRI 


AHLGREN, G. H., KLINGMAN, G. C. & 
WOLF, D. E. 1951. “ Principles of 
Weed Control.” Pp. 368. John Wiley 
& Sons, New York; Chapman & 
Hall Ltd., London. $ 5.50. 


Mucx attention has recently been paid 
to new and improved methods of weed 
control and rapid progress has been made 
during the last few years on the selective 
killing of undesired plants through the 
use of hormones. A new book on this 
subject is, therefore, quite welcome. Chap- 
ters I and II deal with the losses caused 
by weeds and the history and principles 
of control practices, and chapter III with 
the chemicals used in such control, their 
effect on man, animals and micro- 
organisms, and precautions in their use. 
Of greatest interest here are the pages 
relating to 2,4-dichlorophenoxyacetic acid, 
trichloracetic acid, 2-methyl 4-chloro- 
phenoxyacetic acid, and 2,4,5-trichloro- 
phenoxyacetic acid. Soil fumigants and 
spray adjuvants also receive mention. 
Chapter IV dealing with the effects of 
herbicides is of interest to the physiologist 
as well as the morphologist. Chapters 
V-IX are concerned with the weeds of 
special crops, mostly of temperate regions, 
and chapter X with aquatic weeds. Here 
the author wisely sounds a note of 
caution: “ In dealing with aquatic prob- 
lems it must be remembered that we are 
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concerned with a delicate balance of 
nature. When this balance is upset by 
removing one or two species, we un- 
doubtedly encourage the growth of other 
species. Within 1 or 2 years, channels 
in which water hyacinth has been effec- 
tively removed by 2,4-D applications 
become heavily infested with perennial 
grass-type aquatics that are resistant to 
this type of spray ”. 

The householder, nurseryman or keeper 
of recreation areas, who is faced with the 
problem of keeping down undesirable 
annuals and shrubs in lawns, flower-beds 
and playgrounds, has things of interest 
for him in chapters XI and XII. Chap- 
ters XIII and XIV give brief accounts 
of soil sterilants and defoliation, and XV 
and XVI of some particular weeds. 
Chapter XVII is devoted to spray equip- 
ment. 

At the end of every chapter there is a 
selected list of references. 

The book will be useful for students of 
agricultural colleges and for others who 
want to keep abreast of the latest develop- 
ments in this new and vigorous field. 

P. MAHESHWARI 


PYENSON, L. L. 1951. ‘ Elements of 
Plants Protection.’ «Pp. «538. John 
Wiley & Sons Inc., New York; Chap- 
man & Hall Ltd., London. 40s. 


THE author is Entomologist and Plant 
Pathologist at the Long Island Agri- 
cultural and Technical Institute. He 
has tried to bring together in this book 
the basic information on all plant pests 
such as insects, disease-producing organ- 
isms, rodents, birds and weeds. Control 
practices are discussed in a simple but 
intelligent manner and at the end of every 
chapter there is a list of review questions 
to stimulate the student to do some think- 
ing and to help him to learn how to apply 
known facts. There are nice diagrams 
to illustrate the life histories of a large 
number of pests and parasites. 

Of special interest to the botanist and 
plant pathologist are chapters XIII and 
XIV dealing with plant pathogens, XV 
with life histories of pathogens, XVI with 
viruses and physiological diseases, and 
XVII and XVIII with control treatment. 
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Chapters XIX-XXV are concerned with 
weeds and XXVI-XXVIII with spraying 
and dusting equipment and technique. 
The book is very suitable for students 
of agricultural classes although of course 
a good deal of the information contained 
in it applies mostly to the country of its 
origin. 
P. MAHESHWARI 


BROOKS, F. T. 1953. ‘ Plant Diseases.”’ 
Second edition. Pp. 457. Oxford 
University Press, London. 38s. 


THis volume is a revised version of a book 
published by the author about 25 years 
ago. The general arrangement continues 
to be the same. First, there is a brief 
introduction covering the causes of plant 
diseases, their symptoms and dissemina- 
tion, epidemic and sporadic occurrence, 
host-parasite relationships and environ- 
ment, control measures and quarantines. 
Then there are chapters on non-parasitic 
diseases and virus and bacterial agents. 
The rest of the book follows the usual 
sequence: Actinomycetes, Myxomycetes, 
Phycomycetes, Ascomycetes, Basidiomy- 
cetes and Deuteromycetes. There are 
a couple of pages on algal diseases and 
eight pages on fungicides. 

The chief difference between the old 
book and the new one is that a much larger 
number of diseases has been discussed in 
the present case and there is a more com- 
prehensive and up-to-date list of references 
at the end of each of the 22 chapters. 

The book is indispensable for all libra- 
ries and students of plant pathology. It 
is a pity that the author did not live long 
enough to write a more general work on 
diseases of plants, for his knowledge and 
experience in this line were unrivalled. 

P. MAHESHWARI 


ERDTMAN, G. 1952. “ Pollen Morpho- 
logy and Plant Taxonomy. Angio- 
sperms. (An Introduction to Palyno- 
logy.1).” Pp.59. Almgvist & Wik- 
sell, Stockholm; Chronica Botanica 
Company, Waltham, Mass. Sw. Cr. 
73.00. 


Ir is largely through the efforts of Prof. 
Erdtman that there has grown up in 
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recent years a new science of Palynology 
with its many aspects, both academic and 
applied. Pollen grains vary to a large 
extent in size, shape and structure of cell 
wall, and most plant genera can be dis- 
tinguished from one another through a 
study of the morphology of the pollen. 
Further, because of the extremely resistant 
nature of their cell walls, pollen grains lend 
themselves to easy preservation in peat, 
lake deposits and other sediments and the 
reconstruction of past vegetation through 
a study of pollen in peat bogs is now a 
favourite occupation of palaeobotanists. 

The book contains a description of the 
morphology of the pollen in about 10,000 
species belonging to 2,400 genera and 
representing 325 families. It is profusely 
illustrated and for every important species 
there is a “ palynogram ” giving not only 
equational and polar views but also details 
of cell wall structure. Although all the 
families are arranged alphabetically, the 
text does point out, wherever possible, 
their phylogenetic relationships based 
upon pollen morphology. In the con- 
cluding part (pp. 459-472) there is a 
glossary of palynological terms. Here 
some 200 words are defined most of which 
are of recent origin and of a rather 
forbidding nature to the person who is not 
a specialist in this field. 

The value of spores and pollen grains in 
plant identification has found use not 
only in herbaria and institutes devoted 
to geological and palaeobotanical research 
but also in other ways. An examination 
of the pollen content of honey can fre- 
quently tell which plants are preferred 
by bees, what was the place of the origin 
of the honey, and the season when it was 
gathered. A knowledge of wind-borne 
pollen is also valuable in the treatment of 
hayfever and asthma. 


REVIEWS 


Prof. Erdtman has written a most use- 
ful book of reference and his next volume 
dealing with the morphology of the pollen 
grains and spores of mosses, ferns and 
gymnosperms will be awaited with much 
interest. 

P. MAHESHWARI 


BORK; (Nie LS 
Forest Botany.” 
Press. Pp. 441. 


“Manual of Indian 
Oxford University 
KS.,25, 


WHILE books on physiology and genetics, 
written by an author in England or Ame- 
rica, can easily be used in India, this is not 
true of those on systematic botany, for 
in this case it is essential to speak of plants 
belonging to the country for which the 
book is written. Dr. Bor has had many 
years’ experience of the rich and varied 
flora of India and he has done a fine job 
in producing this work. 

The author has adopted the system of 
Hutchinson who has also written the fore- 
word for the book. There is no doubt 
considerable merit in this system of classi- 
fication, but the subdivision of the Dicoty- 
ledons into two large subgroups, Lignosae 
and Herbaceae, has already been subjected 
to much criticism by a number of bota- 
nists. There are also places where the 
anatomical and embryological evidence 
offers more support to Wettstein’s system : 
than to that of Hutchinson. 

The book is thoroughly usable and ful- 
fils an urgent requirement of Indian 
students. It would have been more 
appropriate if the illustrations had been 
put in their proper places instead of being 
all reproduced at the end of the book 
where they are in danger of remaining 
unused. 

P. MAHESHWARI 
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COVERS THE WORLD’S BIOLOGICAL LITERATURE 


How do you keep abreast of the 
literature in your field? Perhaps some 
relatively obscure journal has published 
a revealing paper on the very subject 
in which you are most interested. In- 
formative, concise abridgements of all the 
significant contributions will be found 


in Biological Abstracts. 


As well as the complete edition, 
covering all the biological literature from 
some 3,000 journals, Biological Abstracts 
also is published in five low-priced 
sectional editions, to meet the needs of 
individual biologists. Section D (Plant 
Sciences) affords a very complete cover- 
age of Plant Anatomy, Morphology, and 
related fields—and it is priced at only 
$ 7.50 a year (including foreign postage ). 
Write for full information and a sample 
copy. 


BIOLOGICAL ABSTRACTS 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA 4, PA., U.S.A. 


I  ) 
Phytomorphology — Dec, 1953 
A2 


HERBAGE ABSTRACTS 
AND 


FIELD CROP ABSTRACTS 


These two quarterly journals, prepared by the 
COMMONWEALTH BUREAU OF PASTURES AND FIELD 
Crops, Aberystwyth, Great Britain, provide you 
with abstracts from the world’s current literature on 
(a) grasslands, fodder crops and their management, 
and (b) annual field crops, both temperate and 
tropical. Agriculturists who need to keep abreast 
of the latest research and developments in these 
fields, but who cannot afford the time to read the 
mass of agricultural publications now appearing, will 
find it well worth while to scan these two journals 
regularly. The annual indexes, dating from 1930 and 
1948, respectively, form a valuable source of reference 


to past work. 


Obtainable from: COMMONWEALTH AGRICULTURAL 
BUREAUX, CENTRAL SALES BRANCH, FARNHAM ROYAL, 
Bucks., ENGLAND. Price of each, $6.30 or 45 shillings 
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PLANT BREEDING ABSTRACTS 


PLANT BREEDING ABSTRACTS is a quarterly journal containing abstracts of current 
literature throughout the world. All publications having a direct or indirect bearing 
on the breeding of economic plants are mentioned, the fields covered including gene- 
tics, cytology, evolution, practical improvement by selection and by more modern 
methods such as induced mutation and polyploidy, the use of hybrid vigour in raising 
yields, and the application of interspecific crosses to utilize the valuable genes of wild 
and indigenous floras. Not only the commoner crop plants are considered but also 
vegetables, temperate and tropical industrial plants and fruits, and even forest trees. 
A large section is also devoted to the genetics of micro-organisms such as fungi, 
bacteria and virus, which are of interest both theoretically as material for study 
of the basic principles of heredity, and practically, for producing improved strains 
for brewing and other industrial purposes, and also for building up disease-resisting 
forms of agricultural plants. 


A special feature of PLANT BREEDING ABSTRACTS is that works published in 
the more unfamiliar languages are abstracted extensively, so that readers are able, 
for instance, to follow the important contributions of Japanese investigators to 
genetical and cytological theory, and to the improvement of special crops such as 
rice; and more controversial issues such as the recent genetics controversy in the 
Soviet Union. During the last two years abstracts, in English, of articles written 
in 31 different languages have been published. 


Readers are kept up to date concerning recent developments by two further 
sections: the Book Reviews, which present objective criticisms of all the more 
important books and monographs published on the subject, and New Journals, in 
which readers are informed promptly of the appearance of any new periodical 
publication in the above-mentioned fields, with indications of the nature of its 
contents and how to procure it. 


An author and classified subject index is included in the subscription price for 
each volume. 


PLANT BREEDING ABSTRACTS is produced and edited by the Commonwealth 
Bureau of Plant Breeding and Genetics, School of Agriculture, Cambridge, England, 
on behalf of the Commonwealth Agricultural Bureaux, Farnham House, Farnham 
Royal, Nr. Slough, Bucks. Subscription rates are 60s. per volume (with subject 
index ), less 20 per cent to subscribers in the British Commonwealth (other than 
recognized booksellers ) who send their subscriptions direct. Orders may be placed 
through booksellers or sent to 
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